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PREFACE 


In  1936  the  Titanium  nietallurgical  Laboratory  (predecessor  to  Defense  Metals 
Information  Center)  issued  TML  Report  No.  -18,  "The  Engineering  Properties  of 
Precipitation-Hardenable  Stainless  Steels”.  This  report  described  the  engineering 
characteristics  of  Stainless  W,  17-7  PK,  17-4  PH,  and  AM  350.  IncTaded  was 
appendix  of  producers*  data.  Because  in  certain  respects  these  materials  were  competi¬ 
tive  with  titanium  for  aircraft  applications,  TML  prepared  Report  No.  48  to  place  in 
perspective  the  position  of  titanium  in  the  metals  industry. 

By  1959  TML  Report  No.  48  was  out  of  date.  Two  new  prccipitation-hardenable 
stainless  steels,  AXl  353  and  PK  13-7  Xfo,  were  on  the  market.  In  addition,  new  treat¬ 
ments  had  been  developed.  Xlore  was  known  about  mechanical  properties.  The  Semi- 
austenitic  grades  in  particular  were  becoming  very  popular;  they  were  termed  the 
"workhorse  of  the  aircraft  industry”.  Meanwhile  the  Defense  Xletals  Information  Center 
had  been  organized.  Whereas  the  scope  of  TXiL  was  largely  confined  to  titanium, 

DXllC  has  responsibility  for  a  broad  range  of  metals  used  in  defense  applications.  Under 
these  circumstances.  DXflC  prepared  two  iie*w  reports:  Ill  -  "The  Physical  Xlctallurgy 
of  Precipitation-Hardenable  Stainless  Steels”:  and  1 13  -  "Physical  and  Xiechanical 
Properties  of  Nine  Commercial  Precipitation-Hardenable  Stainless  Steels”.  These  re¬ 
ports  covered  martensitic,  semiaustenitic,  and  austenitic  prccipitation-hardenable 
stainless  steels. 

By  mid- 1961  progress  had  once  again  outdated  many  portions  of  Reports  111  and 
112.  The  producers  of  the  semiaustenitic  materials  had  introduced  several  new  alloys. 

In  addition,  new  thermal  and  mechanical  treatments  had  been  developed  to  improve 
the  properties  of  the  original  steels. 

On  the  other  side  of  t..c  coin,  tlie  situation  regarding  the  martensitic  prccipitation- 
hardenable  stainless  steels  and  the  austenitic  prccipitation-hardenable  stainless  steels 
has,  for  the  most  part,  remained  static.  The  information  on  these  materials  in 
Reports  111  and  1 12  is  still  accurate  and  nearly  up  to  date. 

la  view  of  these  developments,  this  report  has  been  prepared.  It  covers  both  the 
physical  metallurgy  and  the  properties  of  the  semiaustenitic  prccipitation-hardenable 
stainless  steels.  Property  data  have  been  placed  in  appendices  at  the  back  of  th** 
report.  Only  illustrative  property  values  arc  given  in  the  text.  The  cmjdiasis  in  this 
report  is  on  the  new  aspects  of  semiaustenitic  materials.  Older  information,  however, 
is  also  included  for  the  sake  of  completeness. 

The  cooperation  of  Allegheny  Ludlum  Steel  Corporation  and  Armco  Steel 
Corporation  in  providing  much  of  the  infoi.-nation  in  this  report  is  gratefully 
acknowledged. 


TABLE  OF  CONTEXTS 


Pace 


SUMMARY .  I 

INTRODUCTION .  3 

CLASSIFICATION  OF  STAINLESS  5:-'EELS .  5 

AM  350 .  10 

Campositios .  ........................  10 

Availability  .........................  10 

Treatmest  . . 11 

Double  A|cing  {OA|.  ....................  11 

Subzero  Cooling  and  Tetnpering  (5CT)  ..............  14 

Cold  Rolling  and  Tempering  (CRT)  ...............  15 

Fabrication  .........................  15 

.AM  355  18 

Composition.  ........................  18 

Availability  .........................  19 

Treatment  of  Sheet  .....  ................  19 

Double  Aging  (DA)  .....................  ZZ 

Subzero  Cooling  and  Tempering  (SCT)  ..............  23 

Cold  Rolling  and  Tempering  (CRT)  ...............  24 

Extrahardening  (XH)  ....................  24 

Subzero  Cooling.  Cold  Rolling,  and  Tempering  (SCCRT)  ........  25 

Treatment  of  Bar  .......................  25 

Treatment  of  Castings  .....................  28 

Fabrication  ..........  28 

AM  357  29 

Composition .........................  29 

Availability  .........................  29 

Treatment  .........................  30 

Subzero  Cooling  and  Tempering  (SCT)  ..............  30 

Shear  Forming  ......................  30 

Ausforming  .  ......................  31 

Cobi  Rolling  and  Tempering  (CRT)  ...............  31 

r.jltraaardening  (XU)  ....................  3! 

Subjcrro  Cooling.  Cold  Rolling,  and  Tempering  (SCCRT)  ........  31 

AM  35? .  34 

Composition.  ........................  34 

Availability  .........................  34 

Treatment  of  Sheet  ......................  34 

Treatment  of  Bar  .......................  36 

17-7  PH .  38 

Composition .........................  39 

-Availability  .........................  39 

Treatment . 40 

Condit  ci  TH  1050.  ....................  42 

Coi  iition  RH  ?50  .................  ..  44 

C  -ndition  LH  950  .....  ..............  45 

Ccodition  CH  900  ...................  .  46 

Fabricatic.' .  46 


TABLE  or  CONTEXTS 
(ConXisaed) 

Pane 

PH  15-7  Mo .  -to 

Cosapoaitioa .  .......................  -19 

AvaUabilitf  ........................  '<9 

Treatment  ........................  50 

Coaditian  TH  1050.  ...................  50 

Condition  RH  950  .....  ..............  50 

Condition  LH  950  .  52 

Condition  CH  900  ....................  52 

Fabrication  ........................  53 

APPENDIX  A-1.  AM  350.  DOUBLE  AGED  {DA} . A-1-1 

APPENDIX  A-2.  AM  350.  SUBZERO  COOLED  AND  TEMPERED  (SCT) . A-2-1 

APPENDIX  A-3.  AM  350.  COLD  ROLLED  AND  TEMPERED  (CRT) . A-3-1 

APPENDIX  B-l.  AM  355.  DOUBLE  AGED  (DA) . B-1-1 

APPENDIX  B-2.  AM  355.  SUBZERO  COOLED  AND  TEMPERED  (SCT) . B-2-1 

APPE.'4D1X  B-3.  am  355.  COLD  ROLLED  AND  TEMPERED  (CRT) . B-3-1 

APPENDIX  B-4.  am  355.  EXTRAHARD  (XH) . B-4-1 

APPENDIX  B-S.  AM  355.  SUBZERO  (XX3LED.  COLD  ROLLED.  AND 

TEMPERED  (SCCRT) . B-5-1 

APPENDIX  C-1.  AM  357.  SUBZERO  COOLED  AND  TEMPERED  (SCT) . C-I-I 

APPENDIX  C-2.  AM  157.  SHEAR  FORMED . C-2-1 

APPENDIX  C-3.  AM  357,  AUSFORMED . C-3-1 

APPENDIX  C-4.  AM  357,  COLO  ROLLED  AND  TEMPERED  (CRT) . C-4-1 

APPENDIX  C-5.  AM  357,  EXTRAHARD  (XH) . C-5-1 

APPENDIX  C-6.  AM  357.  SUBZERO  COOLED.  COLD  ROLLED,  AND 
TEMPERED  (SCCRT) . C-6-1 

APPENDIX  0-1.  AM  359,  SUBZERO  COOLED  AND  AGED  <SCA) . D-I-1 

APPENDIX  E-1.  17-7  PH,  CONDITION  TH  1050  . E-1-1 

.APPENDIX  E-2.  17-7  PH,  CONDITION  RH  955 . E-2-1 

.APPENDIX  E-3.  17-7  FH.  CONDITION  LH  950 . E-3-I 

APPENDIX  E-4.  17-7  PH.  CONDITION  CH  900 .  .-4-1 

APPENDIX  F-1.  PH  15-7  Mo.  CONDITION  TH  1050  . F-l-l 

.APPENDIX  F-2.  PH  15-7  Mo,  CONDITION  RH  ?50 . F-Z-l 

.APnSND-X  F-3.  PH  15-7  Mo,  CONDITION  LH  950  . r-3-1 

APPENDIX  F  -4.  PH  15-7  Mo,  CONDITION  CH  900  . I  »-l 


SEMIAUSTENITIC  PRECIPiTATION-HARDENASLE 
STA1NL£SS  STEELS 


SUMMARY 


The  first  ii>ember  of  the  family  of  semiaustenitic  precipitation-hardcnable  stain¬ 
less  steels,  17-7  PH,  ■sras  bom  during  World  War  IL  In  the  mid-fifties  it  was  joined 
by  three  siblings:  AM  350,  AM  355,  and  PH  15-7  Mo.  These  steels  have  since  grown 
to  maturity.  Late  arrivals  to  the  family  include  AM  357  and  noncommercial  AM  359. 

The  semiaustenitic  precipitation-hardenabie  stainless  steels  remain  austenitic 
on  cooling  from  a  solution  heat  treatment  at  about  1950  F.  In  this  form  they  are  readily 
fabricable.  Subsequent  treatment  at  about  1400  F  or  at  about  1725  F  depletes  the 
austenite  of  chromium  and  carbon  to  the  extent  that  martensite  forms  on  cooling  to 
room  temperature  or  -100  F,  respectively.  Final  hardening  is  effected  by  tempering, 
or  aging,  at  750  to  1100  F. 

The  semiaustenitic  precipitation-hardenabie  stainless  steels  may  be  obtained  as 
transformed  at  the  mill  by  cold  rolling.  In  this  condition  they  lack  the  good  formability 
of  solution-heat-treated  materiaL  However,  the  fabricator  need  only  temper  them  to 
obtain  very  high  strengths. 

These  steels  have  a  combination  of  good  formability,  high  strength,  and  excellent 
corrosion  resistance  that  is  not  easily  matched  by  other  materials. 
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INTRODUCTION 


Stainless  steels  were  developed  and  patented  in  the  United  States,  Canada,  Great 
Britain.  Germany,  and  France  daring  the  second  decade  of  this  century.  By  the  late 
thirties  three  classes  of  stainless  steels  —  the  mar.ensitic,  ferritic,  and  austenitic 
classes  —  had  become  commercially  important.  Semiaustenitic  prccipitation- 
hardenafale  stainless  steels  were  developed  during  World  War  II  when  the  need  for 
stronger  corrosion- resistant  materials  was  accentuated. 

Wartime  research  by  G.  N.  Goller  at  Armco  Steel  Corporation,  Baltimore, 
Maryland,  led  to  the  development  of  17-7  PH-  This  steel,  described  in  United  States 
Patents  2,505,765  and  2,505,764,  wtis  introduced  in  1948.  17-7  PH  was  unique  in 

that  it  was  soft,  austenitic,  and  formable  as  solution  annealed,  but  could  be  hardened 
>o  a  high  strength  level  by  thermal  treatments  alone.  It  had  an  excellent  combination 
of  formability,  strength,  and  corrosion  resistance. 

Work  in  the  early  fifties  by  Or.  Aldoph  J.  Lena  at  Allegheny- Ludlum  Steel 
Corporation,  Brackenridge,  Pennsylvania,  led  tc  the  development  of  AKi  350  and 
AXl  355.  AXl  350  was  introduced  in  1954,  AM  355  in  1955.  Both  steels  arc  described 
in  United  States  Patent  2,799,602.  Like  17-7  PH,  Akl  350  and  /iM  355  were  austenitic 
as  solution  annealed,  but  could  be  hardened  by  thermal  treatment  alone. 

The  treatment  specified  by  Goller  to  harden  17-'?  PH  was  termed  "double  heat 
treatment".  It  consisted  of  a  conditioning  treatment  at  1400  F  followed  by  an  age  at 
1050  F.  During  the  conditioning  treatment  the  precipitation  of  chromium  carbides 
reduced  the  stability  of  the  austenite  so  that  it  would  transform  on  cooling  to  room 
temperature.  During  aging,  the  coherent  precipitation  of  an  intermctallic  compound 
further  hardened  the  structure. 

Dr.  Lena  specified  a  similar  treatment  for  .^M  350  and  AM  355.  In  addition  he 
developed  another  hardening  sequence  termed  subzero  cooling  and  tempering.  When 
his  steels  were  conditioned  at  about  1750  F  they  remained  largely  austenitic  on 
cooling  to  room  temperature,  but  they  could  be  transformed  by  cooling  to  - 109  F. 
Subsequent  tempering  at  850  F  resulted  in  additional  strengthening,  by  a  mechanism 
then  unknown. 

By  1956  when  .Armco  introduced  PH  15-7  XIo,  a  molybdenum- containing  modi.ica- 
tion  of  17-7  PH,  both  hardening  sequences  were  practiced  on  all  four  steels.  The 
sequence  involving  subzero  cooling,  because  it  results  in  higher  strength,  has  become 
the  more  popular  in  recent  years. 

The  demand  for  very-high-strength  stainless  steels,  for  applications  such  as 
rocket-motor  cases,  has  been  growing.  Accordingly,  hardening  seq-icnces  were 
developed  involving  combined  thermal  and  mechanical  *~-:at<nents  and  ca]>.'>b!e  of 
developing  very  high  strengths.  These  hardening  sequen  .cs  most  often  rely  on  severe 
cold  work  to  transform  the  material. 

Recently  J.  E.  Mosscr  at  Allegheny-Luslum  developed  two  high-carbon  semiaus¬ 
tenitic  piecspitation-hardcnablc  stainless  steels.  AM  357,  a  steel  developed  especially 
for  very  high-stro*-,idj  applications,  became  available  in  1959.  AM  359,  an  alu-einu::*- 
containing  shoe’  and  bar  prod.ct,  is  not  available  commercially.  The  proj-'Ttics  -  '  this 
steel,  ncvcrthcitss,  are  included  tc  show  the  combination  of  strength  and  duct'h'y  .at 
can  be  obtained  i.*  alloys  of  this  type. 


The  final  step  in  the  handling  of  semiaustcnitic  precipitation-hardenabie  stainless 
steels  is  usually  a  treatment  at  a  temperature  in  the  range  750  to  1100  F-  In  the  case 
of  AM  350,  AM  355,  and  AM  357,  this  treatment  is  termed  "tempering",  in  the  case 
of  the  aluminum- containing  steels,  AM  359,  17-7  ?K,  and  PH  15-7  Mo,  it  is  termed 
"aging”.  The  martensitic  structure  in  all  six  steels  is  certainly  tempered  durirg  this 
final  treatment.  Since  17-7  PH  was  introduced,  however,  it  was  thought  that  aluminum- 
containing  martensitic  steels  are  s.rengthened  by  coherent  precipitation  of  a  hardening 
compound  during  the  final  treatment.  Therefore  these  steels  were  ’’aged”.  On  the 
ether  hand,  when  AM  350  was  introduced,  it  was  thought  that  the  martensite  reaction 
alone  accounted  for  the  major  portion  of  the  hardening.  Thus  AM  350  was  "tempered”. 
Kecent  evidence  strongly  indicates  that  all  six  steels  are  truly  precipitation  hardcnable. 
The  early  terminology,  however,  has  been  retained. 

Some  confusion  exists  about  the  naming  of  precipitation-hardenabie  stainless 
steels.  The  steels  discussed  in  this  report  are  all  semiaustenitic  precipitation- 
hardenabie  stainless  steels.  ’’Semiaustenitic”  refers  to  the  ability  of  these  steels  to 
remain  soft  and  austenitic  after  a  solution  anneal  and  to  their  ability  to  be  martensitized 
subsequently  by  conditioning  and  cooling.  ’’Precipitation  hardencblc  •  refers  to  tile 
ability  of  these  steels  to  be  strengthened  by  the  coherent  preripitaticn  of  a  h.'ird^lrting 
compound  during  aging.  Semiaustenitic  stainless  steels  need  not  be  precipitation 
hardcnablc,  but  all  arc  thought  to  be.  Likewise,  all  preciuit:-tioii-hardcnablc  stainless 
steels  arc  not  semiaustenitic.  Indeed,  both  martensitic  precipitation-hardenabie 
stainless  steels  (e.  g.  ,  17-4  PH,  Stainless  ’.V)  and  austenitic  precipitation-hardenabie 
stainless  steels  (c.  g.  ,  A-286,  HNM)  have  been  developed.  One  should  avoid  the  use 
of  ’’precipitation-hardenabie  stainless  steels”  or  ”PH  steels”  when  referring  specifically 
to  the  semiaustenitic  variety.  These  phrases  should  be  reserved  for  use  in  the  generic 
sense.  It  is  incorrect  to  refer  to  precipitation-hardenabie  stainless  steels  in  general 
fay  the  term  ’’semiaustenitic”. 

It  will  become  increasingly  important  to  use  a  consistent  nomenclature  as  new 
alloyed  steels  arc  developed.  The  advent  of  a  scries  of  iron-nickvi  high-strength 
alloys  b.'^s  demonstrated  this.  These  new  materials  are  precipitation-hardenabie.  They 
arc  steels.  Some,  but  not  all,  arc  semiaustenitic;  but  this  term  is  usually  not  applied. 
None  is  stainless. 

One  colloquialism  sometimes  results  in  misunderstanding.  Both  17-7  PH  and 
AlSl  301  are  nicknamed  ”17-7”.  Confusion  can  be  avoided  by  always  voicing  ”PH” 
when  referring  to  17-7  PH. 

Work  toward  still  better  materials  and  treatments  is  ''ontinuing.  The  state  of  the 
art  is  not  static. 

The  first  portion  of  this  report  discusses  the  classification  of  stainless  steels  and 
places  in  perspective  the  semiaustenitic  precipitation-hardenabie  st.iinlcss  stcc’s.  The 
second  portion  of  the  report  discusses,  in  order,  th-  -iractcristics  of  AM  350,  AM 
353.  AM  357,  .AM  359.  17-7  PH,  and  PH  15-7  Mo.  The  tinal  porticn  of  ine  report 
consists  of  appendices  cf  typical  physical-  and  mechanical-property  data.  Design 
properties  are  not  specified  in  these  appendices.  They  will  be  found  in  other  OMIC 
reports. 


CLASSIFICATION  OF  Si' AIN  LESS  STEELS 


The  stainless  steels  are  essentially  alloys  of  iron,  carbon,  and  chromium,  but 
they  may  also  contain  significant  amounts  of  other  alloying  elements.  Carbon  may  be 
present  in  amounts  up  to  1.  25  per  cent.  Chromium,  which  is  present  in  amounts 
ranging  from  11.  5  to  32  per  cent,  accounts  for  the  remarkable  corrosion  and  oxida**on 
resistance  of  this  scries.  Nickel  heads  the  list  of  other  alloying  elements  found  in 
stainless  steels.  .A  major  function  of  this  element  is  to  promote  the  presence  of 
austenite.  Molybdenum  is  often  added  to  improve  resistance  to  attack  by  halide  solu¬ 
tions,  to  increase  elevated-temperature  strength,  or  both.  Titanium,  or  columbiutn 
plus  tantalum,  is  added  to  some  stainless  steels  to  prevent  the  formation  of  chromium 
carbides  during  certain  thermal  treatments.  Chromium  carbides  precipitated  during 
welding,  for  example,  can  severely  reduce  resistance  to  intergranular  attack. 
Aluminum,  titanium,  and  copper  are  believed  to  produce  precipitation-hardening 
characteristics. 

There  are  about  sixty  different  stainless  steels.  Most  of  these  belong  to  one  of 
three  families,  ferritic,  martensitic,  or  austenitic  stainless  steels.  Some,  however, 
belong  to  a  fourth,  new  family,  viz.  ,  semiaustenitic  stainless  steels.  The  assignment 
of  a  particular  stainless  steel  to  o::c  of  these  four  families  is  made  on  the  basis  of  its 
structure,  both  at  room  temperature  and  at  elevated  temperatures.  Structure,  in  turn, 
is  a  function  of  both  composition  and  heat  treatment. 

Each  ingredient  of  a  stainless  steel  plays  a  dual  lole  in  defining  structure.  Each 
clement  plays  one  role  at  elevated  temperatures  and  another  during  cooling  from  an 
elevated-temperature  treatment.  Both  of  these  roles  are  summarized  by  Figure  1. 

The  part  played  by  elements  at  elevated  temperatures  is  depicted  by  the  upper  portion 
of  Figure  1;  their  function  in  defining  structure  during  cooling  is  show'n  below  the  broken 
line. 


The  upper  portion  of  Figure  1  shows  that  the  elements  present  in  stainless  steels 
may  be  divided  into  two  groups:  ferrite  promoters  ana  austenite  promoters.  Ferrite 
promoters  are  those  elements  that,  when  added  to  the  steel,  encourage  the  presenre  of 
the  ferrite  phase  at  normal  annealing  temperatures.  Examples  of  this  group  are 
chromium,  molybdenum,  silicon,  alutninum,  titanium,  and  phosphorus.  Austenite 
promoters  a.e  those  elements  that  favor  the  formation  of  .lustenite  at  elcv'atcd  tempera¬ 
tures.  Examples  of  austenite  promoters  arei.-on,  r.rckel,  carton,  manganese,  nitrog  rn, 
and  copper.  *VhcJhcr  a  stainless  steel  xvill  be  austenitic  oc  ferritic  at  an  elevated  tem¬ 
perature  depends  on  the  relative  proportions  of  the  elements  present  from  these  two 
groups,  as  well  as  on  the  details  of  the  annealing  treatment. 

Temperature,  as  well  as  composition,  »s  an  important  factor  in  defining  structure. 
There  are  upper  Itmits  to  the  temperature  at  which  either  a  wholly  ferritic  or  a  wholly 
a:>sten:tic  structure  can  be  maintained.  Figure  2  is  a  highly  idealized  pictorial  a*"! 
illustrating  the  combined  effects  of  composition  .and  terr.  -aturc  on  the  jAases  present 
at  elevated  temperatures. 

The  lower  portion  of  Figure  I  iliustr.atcs  the  effect  of  composition  on  structure 
during  cooling.  Although  ferritic  structures  alw.ays  remain  ferritic  on  cooling, 
austenitiv  structures  ray  undergo  a  transformation  during  cooling.  Stainless  s'ccls 
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FIGURE  I .  CLASSIFICATION  OF  STAINLESS  STEELS  3Y  COMPOSITION 
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that  are  austenitic  at  elevated  temperatures  but  of  low  alloy  content  usuaUy  transform 
to  martensite  on  cooling.  Their  highly  alloyed  counterparts  usually  remain  austenitic. 
Those  of  intermediate  alley  content  may  either  transform  or  net.  depending  on  how 
they  are  heat  treated.  Examples  of  the  four  families  thus  defined,  the  ferritic, 
martensitic,  semiaustenitic,  and  austenitic  families,  are  given  in  Figure  1. 

Figure  3  illustrates  how  the  alloy  content  of  those  stainless  steels  that  are 
austenitic  at  elevated  temperatures  defines  their  structure  at  room  temperature. 
Martensitic  stainless  steels  often  transform  on  cooling  through  the  rai^e  600  to  ^CO  F. 
Austenitic  stainless  steels  remain  austenitic  even  on  cooling  to  well  below  room 
temperature. 

Semiaustenitic  stainless  steels  when  annealed  at  temperatures  in  the  order  of 
200C  F  (represented  by  Line  A  in  Figure  3)  remain  austenitic  on  cooling  to  room  tem¬ 
perature,  or  even  well  below.  A  subsequent  treatment  at  a  lower  temperature  (often 
termed  a  conditioning  treatment  or  trigger  anneal)  allows  chromium  carbide  particles 
to  precipitate.  This  precipitation  depletes  the  matrix  ox  chromium  and  carbon;  it  has 
the  effect  of  reducing  alloy  content.  Semiaustenitic  stainless  steels  conditicned  at 
about  17C0  F  have  an  effective  alloy  content  represented  by  Line  B  in  Figure  3.  They 
remain  austenitic  on  cooling  to  room  temperatuxe,  but  can  be  transformed  by  cooling 
to  -100  F.  Those  trigger  annealed  at  about  IdOO  F  are  represented  by  Line  C  of 
Figure  3.  They  can  be  transformed  by  cooling  to  room  temperature.  * 

Metallurgists  often  use  the  symbol  Ms  to  designate  the  temperature  at  which 
mai^cnsite  begins  to  form  from  austenite  on  cooling.  Thus,  semiaustenitic  stainless 
steels  in  the  solution  annealed  condition  have  M-  temperatures  well  below  room  tem¬ 
perature.  Depending  on  the  trigger-anneal  temperature,  the  may  be  raised  to 
room  temperature  or  higher.  The  temperature  at  which  transfomxation  is  complete 
on  cooling  is  termed  the  Mf. 

The  advantage  of  semiaustenitic  staiiUess  steels  is  that  they  combine,  in  a  single 
material,  the  excellent  formabiiUy  of  the  austenitic  structure  and  the  high  strciigth  of 
the  martensitic  structure.  In  addition  they  offer  the  remarkable  corrosion  resistance 
of  the  stainless  scries  of  alloys.  This  combination  of  qualities  is  unique  among  metallic 
materials. 

There  arc  two  exceptions  to  the  general  mlc  tl»at  alloying  elements  lower  th» 
transformation  range  in  stainless  steels  that  arc  austenitic  at  elevated  temperatures. 
Both  aluminum  and  cobalt  raise  the  transformation  range.  Cobalt,  at  least  in  significant 
quantities,  is  usually  not  found  in  stainless  steels.  Aluminum,  however,  is  an  im¬ 
portant  ingredient  in  17-7  PH,  PH  15-7  Mo,  and  AM  359.  In  these  steels  aluminum 
pl.ays  an  important  role  in  the  balance  of  composition  as  well  as  being  a  precipitation 
hardener. 

lx  may  be  helpful,  in  summary,  to  draw  an  anal..^  wiih  a  seesaw.  Two  boys  on 
the  ferrite  side  versus  one  boy  on  the  austenite  side  represents  a  ferritic  stainless 
steel.  If  two  additional  boys  are  now  added  to  the  austenite  side,  making  three  on  the 
austenite  side  versus  two  on  the  ferrite  side,  a  structure  austenitic  at  elevated  temper¬ 
atures  is  represented.  Provided  that  ax  least  one  more  boy  is  on  the  austenite  side 
than  on  the  lerrite  .»idc  a  structure  austenitic  at  cltrvaicd  temperatures  will  aSvays  be 
maintained.  B-.i.  what  happens  on  ccolir.g  is  dependent  on  the  total  num-er  oih^-  on 
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the  seesaw.  Three  boys  on  the  austenite  side  versus  two  on  the  other  might  be  the 
analog  of  intermediate  alloy  content,  or  a  semiaustenitic  stainless  steel.  .Adding  on: 
boy  to  each  side  would  then  represent  high  alloy  content,  or  an  austenitic  stainless 
steel.  Or,  removing  one  boy  from  each  side  would  represent  low  alloy  content,  and 
a  martensitic  stainless  steeL  la  this  analogy  aluminum  might  act  as  a  helium-filled 
balloon  tied  to  *he  austenite  side  of  the  seesaw. 


AM  330  is  a  sezniaustcnitic  prccipitation-hardcnable  stainless  steel.  It  -aras  de¬ 
veloped  and  patented  by  Allegheny- Ludlum  Steel  Corporation.  AM  350  is  produced  by 
Allegheny-l-udluns,  by  its  subsidiary.  Wallingford  Steel  Company,  and  under  license  by 
Univcrsal-Cyclops  Steel  Corporation.  Vanadium  Alloys  Steel  Company,  Carpcnicx  Steel 
Company,  and  Crucible  Steel  Company.  Altltough  this  steel  is  principally  a  sheet  and 
strip  product,  it  is  also  sold  as  foil,  arelded  tubing,  billets,  bars,  feraings,  and  -J.-ire. 
Typical  uses  include  aircraft  skin  and  structural  components,  ducts,  tanks,  springs, 
shafts,  and  nuclear  reactor  components. 

AM  350  sheet  and  strip  have  the  designation  AMS  5548.A.:  seamless  tubing  bears 
the  designation  AMS  5554;  bars  and  forgings  bear  the  designation  AMS  5745. 

Composition 

AM  350  is  a  delicately  balanced  lov- carbon,  chromium-nickel  stainless  steel  con¬ 
taining  an  addition  of  molybdenum  to  promote  elevated-temperature  strength.  The  com¬ 
plete  composition  is  given  below. 


Element 

Composition, 

per  cent 

Range 

Nominal 

•Actual  Example 

Carbon 

0. OS-0. 12 

0.  10 

0.  09 

Manganese 

0.  50-1.25 

0.75 

0.80 

Phosphorus 

0.04  max 

0.  020 

Sulfur 

0  03  max 

-- 

0.015 

Silicon 

0.  50  max 

0. 30 

0.  26 

Chromiun. 

16.00-17.00 

16.50 

16.46 

Nickel 

4.  0-5.0 

4.25 

4.33 

Molybdenum 

2.  5-3. 25 

2.75 

2.71 

Nitrogen 

0.07-0. 13 

0.09 

0.  095 

Iron 

Italancc 

Balance 

Balance 

<j)  Heal  :t. .  sat; 


Availability 


-Allegheny- Ludium  makes  a  distinction  between  c  mcrctal  materials  and  u».vclop- 
mcntal  materials.  Commerctal  matcrxals  arc  those  that  >iavc  highly  consistent  proper¬ 
ties  after  standard  mill  processing.  Developmental  materials  arc  those  for  which  insuf- 
Scient  processing  or  property  data  have  been  accumulated  to  allow  Srm  guarantees  of 
mccnanical  propertie'  or  delivery,  or  those  which  require  special  handling  to  obtain 
optimun.  i»r  nighly  c>— sistent  properties.  Commercial  materials  arc  available-  on 
standard  mili  ord  r:  dec clopmcntal  materials  arc  often  available  on  spec  ai  orde  .  .4. 
partial  listing  o.  -'ommcrcial  materials  is  g..-in  below. 


i: 

_ Dimensions,  inchas _ 

Form  Condition  Thickness  Width  Lcng.h _ 

Sheet  H-annealed  0.010-0,125  24  10,000-lb  coils 

0.016-0.156  36  10, 000 -lb  coils 

0  025-0.062  36-48  120  in.  :na.x 

0.063-0,137  36-60  144  in.  max 

CHT  0.010-0.125  24-36 

Strip  H-annea!ed  0.010-0.  137  1  -  23-15/16 

CRT  0.010  -  0.124  1  -  23-15/16 

Foil  K-annealed  0.001-0.009  1  -  24 

or  CRT 


Treatment 


AM  350  is  solution  heat  treated,  or  H-annealed,  at  1930  F  before  it  leaves  the 
mill.  This  treatment  dissolves  all  carbides,  recrystdllizes  the  matrix,  and  makes  it 
austenitic  teith  5  to  20  per  cent  delta  ferrite.  On  cooling  to  room  temperature  this 
structure  is  retained.  AM  350  as  H-annealed  is  soft  and  formable.  The  is  tvell 
belotv  room  temperature. 

After  severe  deformation  AM  350  may  !a.  softened,  by  the  fabricator,  by  II- 
anncaling.  In  this  operation  it  is  important  to  observe  the  limits  1930  F  ±  25  F.  Lover 
temperatures  tend  to  reduce  formability;  higher  temperatures  result  in  reduced  strength 
a:id  a  higher  delta  ferrite  content. 

After  the  H-anneal,  AK!  35C  may  be  treated  by  one  of  three  sequences:  double 
aging  (DA);  subzero  cooling  and  tempering  (SCT);  or  cold  rolling  and  tcsnjHiring  (CRT). 
These  treatments ,  with  resulting  typical  properties,  arc  outlined  in  Figure  4. 

Most  AM  350  is  subzero  cooled  and  tempered.  This  sequence  of  treatments  yields 
the  best  combination  of  formability  as  annealed  and  strength  as  hardened. 

Very  l:ttlc  AM  350  is  double  aged  today.  The  strength  level  resulting  from  this 
sccjucnce  is  lower  than  that  resulting  from  subzero  cooling  and  tempering.  Good 
strength,  however,  can  be  obtained  without  the  aid  of  refrigerating  equipment. 

Some  AM  350  is  sold  in  the  cold-rolled  condition.  Very  high  fir.al  strong  is  ob¬ 
tained.  Formability  is  limited  at  high-strength  levels  t  t  is  fair  at  the  Sower  strength 
levels  of  from  150,000  to  225,000  nsi  yield  strength. 

Double  -Aging  (D.4) 

As  shown  ,n  Figure  4,  .AM  350  is  double  aged  by  conditioning  at  1~I0  F.  c  »n*:it:on- 
:ng  again  at  1.'75  F,  cooling  to  room  lemp^.aturc.  and  tempering  at  850  F.  Tb*  --m 
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•’double  aging”  is  a  holdover  from  an  earlier  period  during  which  the  1710  F  treatment 
was  omitted.  AM  350  was  then  *'aged"  at  1375  F  and  then  "aged”  again  at  850  F. 

Double  aging  was  never  widely  practiced.  In  recent  years,  rs  fabricators  have 
emiippcd  themselves  with  refrigerating  gear,  the  practice  has  nearly  become  extinct. 


Conditioning.  During  conditioning ,  chromium  carbide  particles  precipitate  at  the 
austenite- delta  ferrite  interfaces  in  AM  350.  After  a  treatment  at  1710  F,  only  about 
0.07  per  cent  carbon  remains  in  solution.  On  further  treaunent  at  1375  F  all  but  about 
0. 03  per  cent  carbon  precipitates.  The  depletion  of  chromium  and  carbon  from  the 
matrix  raises  the  to  350  F  to  400  F,  and  it  raises  the  Mf  above  room  temperature. 

The  1710  F  conditioning  treatment  may  be  omitted:  it  is  sufficient  to  condition 
AM  350  at  1375  F  only.  The  dual  conditioning  treatment,  however,  results  in  more 
uniform  and  complete  precipitation  of  carbides.  Double-aged  material  that  has  re¬ 
ceived  the  dual  conditioning  treatment  is  typically  5000  psi  stronger  than  double-aged 
material  that  has  been  conditioned  at  1375  F  only. 


Transforming.  On  cooling  throtigh  the  range  400  F  to  :  oom  temperature ,  after  a 
treatment  at  1375  F,  the  austenitic  portion  of  AM  350  transforms  to  martensite.  This 
structure  is  neither  strong  nor  formable.  But,  it  can  be  strengthened  substantially  by  a 
subsequent  tempering  treatment. 


Tempering.  Transformed  AM  350  is  usually  tempered  at  850  F  for  3  hours.  This 
treatmen*,  as  illustrated  in  Figure  4,  results  in  a  substantia!  increase  in  strength  with 
no  loss  in  ductility. 

The  strengthening  mechanism  in  AM  350  has  been  a  matter  of  conjecture  for  some 
time.  Early  evidence  suggested  that  a  high- chromium  ferrite  precipitated  during  tem¬ 
pering.  The  transformation  of  retained  axistenite  on  cooling  from  tempering  has  also 
been  suggested.  The  most  recent,  and  best  documented,  work  indicates  that  an  intcr- 
mctallic  compound  precipitates  coherently  from  the  martensite  and  delta  ferrite  during 
tempering.  The  compound  has  tcntatix-cly  been  identified  as  a  chromium  nitride. 

Some  typical  properties  of  AXl  350  in  the  double-aged  condition  are  shown  in 
Figure  4;  others  may  be  found  in  Appendix  A- 1. 


Dimensional  Changes.  The  transformation  of  austenite  to  martensite  in  stainless 
steels  is  accompanied  by  an  expansion  of  about  0.005  inch/inch.  For  example  .AM  350. 
during  treatment  from  the  H-anncaled  condition  to  the  uc-ubic-aged  condition,  cr'-ands 
about  0.  0048  inch/inch  in  the  longitudinal  direction  an.  Soui  0.0050  tnch/inch  in  the 
transverse  direction.  (If  the  l>-anncal  is  omitted  from  the  double-aging  sequence  ir.-tns- 
tormaiion  is  not  quite  so  complete  and  the  expansion  is  about  !0  per  cent  smaller.) 
These  arc  net  figures;  they  include  a  C.OOO!  to  0.0002  inch/inch  ccntraction  on  temper- 
tng.  Dimensional  changes  must  be  taken  into  account  in  the  design  of  fabricating 
operations. 
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Subzero  Cooling  and  Tempering  (SCT) 


As  shov.-n  jn  Figure  -5.  the  suUzcro- cooling  a::d  tempering  sequence  involves  - 
conditioning  treatment  at  1710  F,  refrigeration  at  -100  F.  and  tempering  at  S50  F. 

Most  A^l  33U  sold  today  is  treated  :n  this  *.vay.  An  excellent  combination  of  formability 
as  annealed,  strength  as  hardened,  and  corrosion  resistance  can  be  had.  Very  few 
fabricators  lack  the  refrigeration  equipment  necessary  for  this  sequence  of  treatments. 

Conditioning,  if  austenite  is  to  be  transformed  to  martensite  by  subzero  cooling, 
the  range  of  transformation  temperatures  must  first  be  adjusted  so  that  complete  trans¬ 
formation  can  be  obtained.  This  is  accomplished  by  L-anncaling,  i.  c.  ,  holding  for  a 
short  time  at  1710  F.  During  this  treatment  about  0.  07  per  cent  carbon  is  retained  in 
solution;  the  balance  precipitates  in  the  form  of  chromium  carbide  particles.  The  pre¬ 
cipitate  forms  primarily  at  the  austcnitc-dclta  ferrite  interfaces.  In  material  cold 
worked  subsequent  to  the  H-anneal,  however,  precipitation  may  also  occur  within  the 
austenite  grains  wherever  martensite  was  formed  during  deformation  along  the  traces 
of  active  slip  planes.  The  reduction  in  the  chromium  and  carbon  dissoivcu  in  the  aus¬ 
tenite  results  ill  an  increase  in  M-  to  a  value  just  above  room  temperature,  and  an  in¬ 
crease  in  Mf  to  a  value  above  -ICO  F. 

L.- annealed  AM  350  is  substantially  austenitic,  but  it  contains  some  fresh  marten¬ 
site.  delta  ferrite,  and  precipitated  carbides.  Some  typical  properties  are  given  in 
Figure  4.  Although  L-annealcd  A\1  350  has  a  low  yield  strength,  and  is  moderately 
formable,  it  work  hardens  very  rapidly. 


Transforming.  L-anncalcd  .AM  350  is  transformed  by  cooling  it  to  - 100  F  and 
holding  it  at  that  temperature  for  3  hours,  it  is  unwise  to  take  liberties  with  this  treat¬ 
ment.  Some  technologists,  unfamiliar  with  advances  in  our  knowledge  of  the  martensite 
reaction  during  the  past  decade  or  so,  have  rcis-gcratcd  AM  350  at  -320  F  "to  insure 
complete  transformation”.  They  have  been  rudely  avakened.  Transformation  after 
treatment  at  -320  F  i't  much  less  complete  than  after  treatment  af-  100  F.  Likewise 
failure  to  hold  the  material  at  - 100  F  for  a  full  3  hours  may  result  in  less  than  complete 
transformation.  .Although  a  major  portion  of  the  transformation  of  austenite  to  marten¬ 
site  occurs  on  cooling  to  -  iOO  F,  the  reaction  continues  with  time  at  -100  F. 

Some  typical  properties  of  transformed  material  arc  shown  in  Figure  4.  AM  350 
conditioned  at  1710  F  and  transformed  at  -100  F  is  slightly  stronger  than  material  con¬ 
ditioned  at  1 375  F  and  transformed  at  room  temperature  because  of  the  higher  carlion 
content  of  its  martensite. 


Tempering.  Subzcro-coolcd  .AM  350  is  tempered  at  350  F  for  3  hours.  This 
treatment  increases  yield  strength  substantially  wi'hout  decreasing  elongation.  Some 
lyoic.tl  properties  of  AM  350  m  the  subzcro-coolcd  and  tempered  (SCT)  conditio'  are 
shown  in  Figure  4;  ethers  arc  given  in  Appendix  A-2. 

Dimensional  Changes.  Daring  transformation  at  -  100  F,  .AM  350  expands;  it  thv.i 
contracts  slightly  on  tempering.  The  total  dimensional  ch.angc.  in  both  the  longitudin-il 
and  transverse  directions,  averages  0.0047  inch/inch. 
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Cold  Roih;ig  and  i  cinpering  (CRT) 

The  cold  roibng  and  tempering  sequence  o£  treatments  u-as  designed  for  applica¬ 
tions  that  do  not  require  a  high  degree  of  formability  and  where  joining  methods  such  as 
spot  welding  or  adhesive  bonding  ca-  be  used.  The  advantages  under  these  conditions 
arc  dimensional  stability,  low  fabricating  costs,  and  ljuod  surfaces  typical  of  cold- 
rolled  materials,  la  addition,  higher  strength  and  a  better  combination  of  mccha.  ical 
and  corrosive  properties  are  obtained  by  this  processing  method  than  arc  attaiimble 
through  heat  treatment  alone.  When  very  high  strength,  i.  e.  ,  over  about  225,000  psi 
yield  strength  is  required,  AM  355  or  AM  357  are  ordinarily  recommended. 

Transforming-  AM  350  can  be  purchased  from  the  mill  as  cold  rolled  or  cold 
rallied  and  tempered.  Based  iq>on  bend  data,  tempered  material  should  have  somewhat 
better  formability  although  the  yield  is  higher.  No  conditioning  is  required  prior  to  cold 
rolling;  severe  deformation  alone  forces  the  austenite  to  transform  to  martensite.  As 
the  degree  of  deformation  increases,  the  extent  of  the  transformation  increases.  Some 
typical  properties  of  severely  deformed  AM  350  are  shown  in  Figure  4. 

Tempering-  Tempering  at  750  to  850  F  is  the  only  thermal  treatment  performed 
by  the  fabricator  on  cold-rolled  AM  350.  If  already  tempered  at  the  mill,  a  retemper 
IS  recommended  both  as  a  stress-relieving  treatment  and  to  temper  the  fresh  martensite 
produced  by  forming.  This  treatment  increases  toughness  without  reducing  strength  or 
elongation. 

As  sltown  in  Figure  4,  cold-rolled  and  tempered  AM  350  is  very  strong-  The  en¬ 
tire  carbon  content  is  effective  in  strengthening  martensite;  none  is  lost  from  solution 
by  a  conditioning  treatment.  In  addition,  cold  rolling  itself  produces  a  stronger  mar¬ 
tensitic  matrix  than  is  possible  through  thermal  treatments  alone. 

Some  additional  properties  of  cold-rolled  and  tempered  AM  350  arc  given  in 
Appendix  A-3. 

Dimensional  Changes.  Cold-rolled  AM  350  undergoes  a  contraction  of  about 
0.0001  inch/inch  during  tcmpeiicg. 


Fabrication 


The  fabricating  procedures  used  for  annealed  AM  350  are  very  similar  to  those 
used  for  .MSI  301.  AM  350,  however,  has  a  higher  work-hardening  rate  than  AISI  301. 
This  must  be  taken  intc*  account  in  any  operation  involving  mechanical  deformatioi .  In 
addition,  it  is  importar-t  to  allow  for  dimensional  changes  in  the  design  of  forming  oper¬ 
ations.  Some  specific  fabricating  operations,  and  their  interaction  with  thermal  treat¬ 
ments,  arc  described  in  the  following  paragraphs. 

Cutting-  AM  350  cuts  like  AISI  301.  The  shearing,  punching,  slitting,  sawing, 
disk-cutting,  and  flame-cutting  characteristics  of  the  two  steels  arc  quite  similar.  In 
general,  the  cutting  procedures  used  for  AISI  301  can  be  specified  for  AM  350. 

Machining.  AM  350,  being  principally  a  sheet  -k.  *  strip  product,  is  seldom 
machined.  When  it  must  be  machined,  however,  the  same  practices  used  for  other 
stainless  steels  should  fac  observed.  These  include  rigid  tool  and  work  support,  low 
speeds  ,  deep  feeds  ,  and  positive  cooling. 
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H-annealed  AM  350  is  sou  and  gummy.  U  is  difficult  to  machine.  Transformed 
material  is  harder,  faut  easier  to  machine.  With  cemented  carbide  tools,  speeds  of  !50 
to  ZSO  surface  feet  per  minute  and  feeds  of  0,  004  to  0.  003  inch  per  revolution  result  in 
good  tool  life  on  hardened  material. 

When  close  tolerances  are  required  it  is  necessary  either  to  allow  for  dimensional 
changes  during  heat  treatment  or  to  complete  machining  on  fully  hardened  material. 


Forming.  AM  350  is  most  easily  formed  when  it  is  in  the  H-annealed  condition. 

It  has  the  characteristics  of  AlSl  301,  but  a  somewhat  higher  work- hardening  rate. 
Formability  can  be  enhanced  by  heating  AM  350  to  300  F. 

Material  trigger  annealed  at  1710  F  can  be  transformed  by  stretching  3  to  10  per 
cent.  Thereafter  it  need  not  be  refrigerated;  it  can  be  tempered  directly.  One  ade-an- 
tage  of  this  technique  is  that  growth  during  transformation  is  absorbed  during  the  forming 
operation.  But,  for  a  uniformly  hardened  part,  stretching  must  be  uniform. 

Transformed  or  fully  hardened  material  is  martensitic;  it  has  only  limited 
formability. 


Cleaning.  Before  annealing  it  is  essential  that  the  surfaces  of  AM  350,  or  of  any 
stainless  steel,  be  cleaned  thoroughly.  1-ubricants,  for  example,  can  break  down  at 
elevated  temperatures  and  cause  contamination  or  e»',.n  corrosion.  Fingerprints  too  can 
cause  these  problems.  At  best,  scale  will  be  difficult  to  remove  if  surfaces  arc  not 
thoroughly  cleaned  prior  tc  heat  treatment. 

The  cleaning  method  recommended  for  .AM  350  is  immersion  in  an  alkaline  bath. 
.Aqueous  solutions  of  the  orthosilicate.  carbot~’*c.  hydroxide,  or  trisodium  phosphate 
types  are  very  effective.  Because  they  emulsify  oils,  they  arc  better  degrt-asers  than 
arc  organic  solvents.  Following  clearing,  a  thorough  hot- water  rinse  should  carry  away 
all  traces  of  the  cleaner.  . 

-An  optional  additional  ircatmcal  is  immersion  of  cleaned  work  in  hot  dilute  nitric 
acid.  This  removes  the  last  traces  of  surface  contaminants.  The  acid  treatment, 
again,  should  be  followed  by  a  hol-watcr  rinse.  All  work  should  be  dry  before  it  is 
placed  in  the  furnace. 


Annealing.  AM  350  should  be  H-anncalcd  or  h-anncalcd  for  45  to  90  minutes  per 
inch  of  thickness  and  then  cooled  rapidly.  Air  cooling  is  rapid  enough  to  prevent  car¬ 
bide  precipitation  in  H-aimcalcd  sheet  material.  Oil  or  water  quenching  is  recom¬ 
mended  for  heavy  sections. 

Annealing  in  air  is  entirely  satisfactory  in  mos:  •  tses.  The  scale  formce.  can  he 
removed  by  standard  procedures.  If  bright  annealing  is  required,  as  for  foil,  atmos¬ 
pheres  o;  hydrogen,  helium,  argon,  or  carbon  monoxide-carbon  dit.xidc  can  be  used. 
Vacuum  annealing,  too,  produces  a  bright  surface.  Cracked  ammonia  should  never  be 
used;  it  can  nitride  AM  350  and  alter  its  mechanical  properties. 


17 


Descalinp.  Scale  should  be  removed  between  intermediate  anneals.  A  double 
scale  is  very  difficult  to  remove,  and,  excessive  etching  of  the  metal  may  occur  due  to 
the  required  long  exposure  to  the  acid  bath. 

High-temperature  scales  are  removed  readily  in  a  15  per  cent  nitric  acid-2  per 
cent  hydroiiuoric  acid  bath  at  130  F.  Pickling  time  should  be  as  short  as  possible; 
usually  2  to  5  minutes  will  suffice.  Heavy  scales  may  require  a  somewhat  longer  pickle 
or  a  slightly  increased  concentration  of  hydrofluoric  acid  in  the  bath. 

Mechanical  scale- removal  techniques  are  recommended  for  material  that  has  been 
conditioned  at  1373  F. 

The  tarnish  formed  during  tempering  can  usually  be  removed  by  a  30- second 
immersion  in  the  nitric-hydrofluoric  acid  solution. 


Welding.  AM  350  may  be  welded  by  any  of  the  processes  suitable  for  austenitic 
stainless  steels.  The  inert-gas-shielded  arc-welding  tnethods,  however,  are  espccially 
wcll  suited  to  this  steel.  Xlaterial  is  usually  welded  in  the  H-annealcd  condition,  the 
weld  metal  being  hardened  along  with  the  base  metal  during  subsequent  thermal  treat¬ 
ments.  Hardened  structures  may  also  be  arc  welded,  but  must  be  made  austenitic, 
transformed,  and  tempered  subsequently  if  joint  efficiencies  of  90  to  95  per  cent  arc  to 
be  obtained.  An  advantage  of  welding  fully  hardened  material  is  the  reduced  over-all 
dimension  change  on  subsequent  rckardening. 

Material  may  be  resistance  welded  in  the  hardened  condition;  or,  it  can  be  resist¬ 
ance  welded  in  the  H-an.nealed  condition  and  then  hardened.  Either  sequence  of  welding 
and  hardening  results  in  high  tension  and  shear  strengths. 


Brazing.  AM  550  is  well  suited  to  brazing.  It  contains  no  highly  oxidizablc  or 
volatile  elements  to  interfere  with  the  brazing  process.  The  steel  is  usually  brazed 
with  alloys  that  have  a  flow  point  of  1800  F  or  greater.  After  brazing,  the  steel  is 
cooled  directly  to  the  conditioning  temperature,  1710  or  1375  F.  Thereafter  it  is  trans¬ 
formed  and  finally  tempered.  Even  when  cooling  from  the  conditioning  treatment  is 
slow,  mechanical  properties  closely  approach  those  of  normally  treated  material. 


IS 


AM  355 


AM  355  is  a  hijjftcr- -Srboii.  lo«.er-«.hro::ii^iii  ;:iodifi«.al:o3i  of  AM  330  developed 
and  produced  ay  Allegaeay- Ludluin  Steel  Corporation.  l.,ikc  AM  350.  :t  is  a  senti- 
a..stenitic  precip;tat:on-hardenabie  stazr.less  steel.  AM  355  is  produi.cd  in  almost  all 
wrought  commercial  forms,  as  well  as  castings.  Typical  uses  are  similar  to  th'se  of 
.AM  350. 

.AM  355  bears  the  following  AMS  designations: 

.A>.1S  5547  —  Sheet  a:id  strip 
-AMS  5549  —  Plate 


.AMS  5743  —  Bars,  forgings,  and  forging  stock 
.AMS  57S0  —  Welding  wire 

.AMS  5781  —  Coated  welding  electrodes,  seamless  tubing. 


Composition 


.AM  355  is  a  delicately  balanced  medium- carbon,  chromium- nickel  stainless  steel. 
It  is  identical  to  .AM  350  in  composition  e.\cept  in  that  it  contains  about  0.  04  per  cent 
.no.'e  carbon  and  about  1.0  per  cent  less  chromium.  Tliesc  differences,  slight  as  they 
may  seem,  account  for  some  significant  changes  in  structure.  For  example,  AM  350 
has  5  to  aO  per  cent  delta  larritc;  AM  355  usueliy  itas  little  or  none. 

The  complete  ••omposition  of  wrought  .AM  355  is  given  below. 


Composition  (Wrouuht), 

per  cent 

Element 

Range 

Nominal 

Actual  Examplct^i 

Carbon 

0.  10-0.  15 

0.  14 

0.  14 

Manganese 

0.50-1.  >5 

0.  75 

0.  72 

Pijosphorus 

0.  04  max 

-- 

Sulfur 

0.  03  marc 

-- 

Silicon 

0.  50  max 

0.  30 

0.  29 

^^h  r  om  ium 

15.00- lo. 00 

15,  50 

15.41 

Nickel 

4. 0-5.0 

4.  2= 

4.51 

Molybdenum 

2.  5-3.25 

2.  75 

2.70 

NltCvgelt 

0.07-0.  13 

0.  10 

0.  11 

Iron 

Balance 

Balance 

Balance 

(a)  sii-a:  Xs.  3  X‘Z 
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Cast  AM  3S5  is  leaner  in  the  principal  alloying  clcsnents  than  is  wrought  AM  355. 
Castings  arc  not  homogcnircd  by  working.  Therefore,  their  composition  must  be  ad¬ 
justed  so  that  even  those  portions  richest  in  alloy  content  will  respond  to  heat  treatment. 
The  complete  composition  of  cast  AM  355  is  given  below. 


Composition  (Cast),  per  cent 


Element 

Range 

Nominal 

Actual  Exam] 

Carbon 

0.U8-0. 12 

0.  10 

0.  10 

Manganese 

0.  75- 1-  10 

0.30 

0.98 

Fhospciorus 

0.04  max 

— 

— 

Sulfur 

0.  03  max 

— 

— 

Silicon 

C.  45— 0.  75 

0.60 

0.  55 

Chromium 

14. 50- 15.  50 

15.00 

14.91 

Nickel 

3. 50-4. 50 

4.20 

4.30 

Molybdenum 

2. 00-2.  60 

2.  30 

2.25 

Nitrogen 

0.07-0.  11 

0.09 

0.11 

Iron 

Balance 

Balance 

Balance 

{a)  Ifcii  Xo.  5790. 


Availability 


AM  355  is  commercially  available  in  a  wide  variety  of  forms.  Flat  rolled  prod¬ 
ucts  arc  supplied  either  as  solution  heat  treated  or  as  solution  heat  treated  and  cold 
roiled.  The  same  dimensions  of  flat  rolled  stock  listed  earlier  for  AM  350  also  apply 
■to  AM  355.  Bar  products  are  usually  si^plied  in  the  equalized  and  ovcrtcm|fcrcd  condi¬ 
tion  for  best  machinability.  Castings  are  usually  supplied  in  the  as-cast  condition. 


Treatment  of  Sheet 


When  AM- 355  is  to  be  double  aged  or  conditioned,  subzero  cooled,  and  tempered, 
it  is  solution  heat  treated  at  either  1950F  ±  25  F  or  1875  F  25  F.  The  latter  treatment 
can  be  followed  directly  by  the  hardening  heat  treatments  to  obtain  high  strength  while 
the  former  requires  about  25  per  cent  cold  deformation  prior  to  the  hardening  treatments 
in  order  to  obtain  maximum  strength.  The  reader  may  recall  that  AM-350  is  solution 
heat  treated  at  193CF  *  25  F  but  does  not  require  the  cold  deformation  for  proper  re¬ 
sponse  to  the  hardening  heat  treatments.  AXl-350  contains  a  small  percentage  of  delta 
ferrite  which  restricts  grain  growth  during  solution  heat  treating.  In  addition,  tl  r 
austcnitc-delta  ferrite  interfaces  in  AM-350  provide  sites  for  carbide  precipitation  dur¬ 
ing  the  conditioning  treatment  at  1710  F.  This  results  in  a  more  uniform  carbide  distri¬ 
bution  which  in  cum  results  in  a  more  uniform  transformation  of  austenite  to  martensite 
during  the  subzero  cooling.  AM-355  does  not  contain  delta  ferrite.  However,  by  solu¬ 
tion  heat  treating  at  1875  F,  not  all  primary  carbides  are  taken  into  solution.  These 
carbides  provide  sites  for  further  carbide  precipitation  during  conditioning.  Solution 
heat  treating  of  AM'355  at  1950  F  results  in  grain  growth  and  solution  of  carbider-. 
upon  conditioning  at  1710  F,  the  carbides  precipitate  *'  the  grain  boundaries  anu,  upon 
subzero  cooling,  a  considerable  amount  of  the  austenite  Joes  not  transfor.n  to  marten¬ 
site.  Cold  deformation  of  AM-355  solution  heat  treated  at  1950  F  results  in  partial 
transiormatisn  to  martensite  and  the  formation  of  active  slip  planes,  both  of  which  pro¬ 
vide  excellent  sites  for  carbide  precipitation  during  subsequent  conditioning. 


HCiUK!--  5.  TlUilATMfclNT  AND  TYPICAL  PKOPETTIKS  OF  AM  3S5  SMF.ET 


FIGUKF.  5.  (CONTINUED) 


AM-355  soluticn  heat  treated  at  1950  K  i  r  is  soft,  entirely  austenitic,  and  in 
the  hest  condition  for  forming,  it  has  an  Ms  betut-cen  0  and  -100  F.  AM-_.5  solution 
heat  treated  at  1S75  F  ±  25  F  is  relatively  soft  and,  with  the  exception  of  some  undis- 
solvcd  carbides,  is  generally  austenitic.  It  has  an  Ms  between  0  and  ICO  F.  Thus,  ap¬ 
preciable  hardening  can  occur  in  the  latter  during  storage  and  transit.  Primarily  lor 
this  reason,  AM-355  is  supplied  commercially  only  in  the  1950  F  ±  25  F  solution  heat 
treated  condition.  As  noted  previously,  AM-355  in  this  condition  requires  about  L7  per 
cent  cold  deformation  prior  to  the  hardening  hei^t  treatments  in  order  to  obtain  maximum 
strength.  The  cold  deformation  may  be  supplied  by  a  forming  operation,  but  must  be 
sccsmpiishcd  in  all  areas  to  insure  uniform  response  to  the  hardening  heat  treatments. 
However,  if  a  part  requires  a  number  of  successive  forming  operations  and  anncais, 
limitation  of  the  intermediate  annealing  temperature  to  1875  F  by  the  fabricator  will 
result  in  proper  response  to  hardening  heat  treatments. 

When  AM-355  is  sold  in  the  cold  rolled  condition,  it  has  been  solution  heat  treated 
at  1900  F  to  1930  F  prior  to  cold  rolling  and  usually  tempered  at  SOO  F  to  SSU  F  subse¬ 
quent  to  cold  rolling.  The  desired  strength  is  controlled  by  the  amount  of  cold  reduction. 
While  strength  can  also  be  controlled  by  selection  of  anneal  temperature  between  1750  F 
and  193G  F,  the  high  anneal  is  more  desirable  because  it  results  in  a  better  combination 
of  mechanical  and  corrosion  properties  and  a  more  uniform  struclarc.  All  carbon  is  in 
solution,  and  the  structure  consists  of  tempered  martensite  and  austenite. 

After  solution  heat  treatment  at  1875  F  or  -olution  heat  treatment  at  1930  F 
followed  by  about  25  per  cent  cold  deformation,  AM-335  may  be  double  aged  or  con¬ 
ditioned,  subzero  cooled,  and  tempered.  These  txeatments  arc  diagramed  in  Figure  5. 

A  small  portion  of  the  AM-355  sold  is  subzero  cooled  and  tempered;  very  little  is  double 
aged. 

The  major  portion  of  AM- 353  is  sold  in  the  solution  heat  tr;.atcd,  cold  rolled,  and 
tempered  condition  (CRT),  wr*ie  some  is  used  in  the  extra  hard  r  mdition  (XH).  Again 
these  sequences  of  treatments  arc  diagrammed  in  Figure  3;  they  are  detailed  in  the 
following  paragzaphs. 

Double  Aging  (DA) 

As  shown  in  Figure  5,  AM-355  annealed  at  1875  F  can  be  hardened  by  conditioning 
first  at  1710  F,  then  at  1375  F,  and  zinallv  tempering  at  850  F.  Conditioning  at  17  0  F 
xs  not  required  for  AM-335  annealed  at  1950  F  and  cold  deformed  about  25  per  cent. 

This  sequence  of  treatments  is  used  only  rarely  for  AM-355  because  uUier  treatments 
provide  greater  strength.  Nevertheless,  double  aging  has  proved  useful  in  some  isolated 
instances. 


Conditioning.  AM-355  aiuieaicd  at  1875  F  contains  undissoivixd  carbides  w‘  "ch 
provide  active  sites  for  carbide  precipitation  on  subscq>.  'I  conditioning  at  1710  F.  After 
continued  conditioning  at  1375  F  for  three  hours,  only  about  0.03  per  cent  carbon  re¬ 
mains  in  solution.  The  depletion  of  carbon  and  chromium  from  solid  solution  raises  the 
M,^  and  Mf  and  thereby  triggers  the  matrix  for  transformation  on  cooling.  While  the 
1710  F  treatment  mandatory  in  the  case  of  AM-355  annealed  at  1875  F,  it  is  not  neces¬ 
sary  for  .AM-353  ar-.calcd  at  1950  F  and  cold  deformed  about  25  per  cent. 


T raasforming.  AM-355  conditioned  at  1375  F  with  the  proper  prior  treatment^: 
becomes  martensitic  on  cooling  to  room  tc:nperature. 

Tempering.  Transformed  AM  355  is  tempered  at  850  F  for  3  htnirs.  The  same 
strengthening  mechanism  active  in  A&!  350  is  also  thought  to  harden  AM  355  durii.^  tem¬ 
pering.  Both  AM  350  and  AM  355  in  the  double  aged  condition  have  about  the  same 
properties.  These  are  shown  in  Figure  5.  Some  additional  properties  of  AM  355  in  the 
double-aged  condition  are  given  in  Appendix  B-1. 

Dimcnsienal  Changes.  AM  355  expands  significantly  when  it  is  martensitized,  and 
contracts  slightly  when  tempered.  From  the  iS7f  F  annealed  condition  to  the  double- 
aged  condition  AM  355  expands  0.  0059  inch/inch  in  tlic  longitudinal  direction  and  0. 0054 
inch/inch  in  the  transverse  direction.  These  figures  include  a  contraction  of  about 
0. 0002  inch/inch.  The  net  expansion  is  greater  for  AM  355  than  for  AM  350.  In  AM  355 
nearly  the  entire  structure  transforms  and  thus  expands.  In  AM  350  the  5  to  20  per  cent 
of  the  matrix  composed  of  delta  ferrite  takes  no  part  in  transformation  and  contributes 
nothing  toward  expansion. 

Subzero  Cooling  and  Tentperin:*  (SCT) 

As  shown  in  Figure  S,  AM  355  can  be  hardened  by  conditioning  at  1710  F,  refrig¬ 
erating  at  -100  F,  and  tempering  at  850  F  after  solution  treatment  at  1875  F.  This 
sequence  combines  good  formability  in  the  annealed  condition  with  good  strength  and 
corrosion  resistance  in  the  hardened  condition.  But,  subzero-coolcd  and  tempered 
AM  355  lacks  the  very  high  strength  that  can  be  obtained  in  cold-rolled  material. 

Conditioning.  AM  355  destined  to  be  subzero  cooled  and  tempered  is  L.-anncalcd 
at  1710  F.  This  conditioning  treatment  allows  about  0.07  per  cent  carbon  to  remain  in 
solution;  the  balance  precipitates  as  chromium  carbide  particles  at  grain  boundaries 
and  around  previously  undissolved  carbides.  The  M5  is  raised  to  about  160  P.  Thus, 
on  cooling  to  room  temperature,  some  martensite  forms. 

L-annealed  AM  355,  being  partially  austenitic,  retains  some  formability.  Typical 
properties  are  given  in  Figure  5. 

T ransfoiming.  C-annealcd  AM  355  is  transformed  by  cocling  it  to  -100  F  and 
holding  it  at  that  temperature  for  3  hours.  Normally  this  operation  is  carried  out  in 
cold  boxes  that  are  commercially  available  in  a  wide  variety  of  sizes.  A  mixture  of 
dry  ice  and  methanol,  however,  serves  equally  well  for  small  or  experimental  -ork 
when  a  cold  box  is  not  available. 


Tcmocripc-  Subzsro-coolttC  AM  355  sheet  is  tempered  at  S50  F  for  3  hours. 

Some  typical  properties  of  AM  355  in  the  subrero-cooled  and  tempered  condition  are 
shov.-n  in  Figure  5;  others  are  gii-en  in  .Appendix  B-2. 

Modified  SCT  Treatment.  As  received  from  the  mill  vitii  a  1950  F  solutio:.  heat 
treatment,  AM  355  requires  about  25  per  cent  cols  deformation  during  fabrication  prior 
to  hardening  by  conditioning,  subzero  cooling,  and  tempering.  The  1950  F  anneal  re¬ 
sults  in  complete  soluiion  of  carbides  and  large  grains  and  in  enhanced  ductility.  The 
martensite  and  slip  planes  formed  during  subsequent  deformation  serve  as  sites  for 
carbide  precipitation  during  conditioning  at  1710  F. 

Dimensional  Changes.  AM  355  undergoes  an  average  net  expansion  of  0.  005S 
inch/inch  in  the  longitu^nal  direction  and  0. 0062  inch/inch  in  the  transverse  direction 
during  treatment  from  the  H-anneaicd  condition  to  the  subzero-cooled  and  tempered 
condition. 

Cold  Rolling  and  Tempering  (CRT) 

Most  AM  355  is  sold  in  the  cold-rolled  and  tempered  condition.  Cold- rolled 
material  lacks  the  good  formability  of  1950  F  annealed  material,  but  an  excellent 
variety  of  high  strength  levels  can  be  obtained.  Elongation,  for  a  given  strength  level, 
is  better  than  can  be  obtained  by  thermal  treatments  alone. 

T ransforming.  AM  355,  after  a  mill  anneal  at  1900  to  1950  F,  can  be  trans¬ 
formed  by  cold  rolling.  Ko  r-»ndilion:ng  is  required.  The  greater  the  degree  of  reduc¬ 
tion  the  greater  the  extent  of  transformation.  A  variety  of  Huai  strength  levels  can  be 
obtained  fay  regulating  the  degree  ^f  cold  reduction  between  25  and  50  per  cent. 

Tempering.  Tempering  of  cold-rolled  AM  355  at  750  to  S50  F  is  usually  done  in 
the  mils.  After  forming,  the  fabricator  may  find  it  desirable  to  relemper.  Some  typical 
properly  combinations  of  cold-rollcc  and  tempered  AM  355  arc  shown  in  Figure  5:  others 
arc  given  in  Appendix  B-3. 

Dimcn.-ional  Changes.  Cold-rcUed  AM  355  undergoes  a  contraction  of  about 
0.0001  inch/inch  during  leatpering. 

Extrahardening  (XII) 

It  is  possible  to  obtain  extremely  high  strengths  in  AM  355  by  a  sequence  of  ire.at- 
ments  analogous  to  the  CRT  sequence.  Instead  of  coid  rolling  material  25  to  50  per 
cent,  however,  the  mill  extrahardens  .AM  355  by  cold  rolling  it  more  isuin  50  per  cen 
{usually  55  per  cent).  Exceptionally  high  strengths  can  be  obtained.  Some  typical 
properties  of  cxtrr*»ird  AM  355  arc  shown  in  Figure  5;  otiiers  arc  given  in  Appendix  B— 1. 


Subzero  Cooling,  Cold  Rolling, 
and  Temperinc  (SCCRT) 

AM  355  is  not  marketed  in  the  SCCRT  condition.  This  treatment  is  discussed 
only  te  show  the  properties  that  can  be  obtained  fa/  this  sequence  of  treatments.  The 
subzero-cooling,  cold-rolling,  and  tempering  sequence  of  treatments  is  used  u:hs.n  the 
high  strength  of  cold-rolled  AM  353  is  desired  in  the  tMcker  sheet  sections.  By  effect¬ 
ing  a  portion  of  the  transformation  thermally,  and  the  balance  by  cold  rolling,  high 
strengths  can  be  obtained  vdth  a  smaller  degree  of  cold  rolling.  For  example,  if  0. 100- 
inch-thick  hot  band  is  the  starting  stock  for  the  cold  rolling  mill,  30  per  cent  reduced 
CRT  material  would  be  only  0.030  inch  thick.  But,  if  the  hot  band  is  first  partially 
transformed  by  thermal  n  cans,  it  may  be  possible  to  obtain  complete  transformation 
by  cold  rolling  only  23  per  cent.  Final  SCCRT  stock  0.  075  inch  thick  could  thus  be 
obtained. 


Transforming.  In  the  SCCRT  sequence,  transforming  is  a  two-step  mill  opera¬ 
tion.  After  a  solution- trigger  treatment,  usually  at  1800  F,  AXl  333  is  partially  trans¬ 
formed  by  refrigeration  at  - 100  F  for  3  hours.  The  transformation  is  completed  by 
ccld  rolling  20  to  30  per  cent.  Actually,  the  major  portion  cf  the  transformation  occurs 
during  refrigeration. 

Tempering.  Subzero-cooled  and  cold- rolled  AXl  333  is  tempered  at  730  to  830  F 
to  obtain  the  final  properties  illustrated  in  Figure  3.  Additiu<ial  properties  may  be 
found  in  Appendix  E-5. 

Subzero-cooled,  cold- rolled,  and  tempered  (SCCRT)  AXl  333  possesses  the  high 
strength  of  material  transformed  by  cold  rolling  alone.  Yet,  because  it  has  been  cold 
worked  only  moderately,  it  retains  much  of  the  isotropy  of  material  hardened  by 
titermal  treatments  alone. 


Dinicnsional  Changes.  Subzero-cooled  and  cold- rolled  AM  333  undergoes  a  con¬ 
traction  of  about  0.0001  inch/ineb  during  tempering. 

Treatment  of  Bar 


AM  333  bar  stock  is  heat  treated  somewhat  differently  tlian  are  sheet  products. 
Bars  arc  more  often  machined  than  formed.  Therefore,  heat  treatments  arc  designed 
to  provide  the  best  machinability  rather  than  the  best  formability.  Rather  than  being  H- 
araiealcd,  bars  arc  hot  worked  to  size  and  finished  at  a  maximum  of  1300  F  to  _  -oducc  a 
fine-grained  structure.  Subsequent  equalization  at  13i  to  1473  F  for  3  hours  plus  cool¬ 
ing  to  room  temperature  results  in  a  homogeneous  structure  of  chromium  carbides  in  a 
low-carbon  martensite.  Overtempering  at  1050  to  1150  F  then  produces  the  structure 
that  is  the  most  machinable,  if  machining  operations  arc  not  planned,  of  course,  the 
overt  .j.pcrmg  treatment  may  be  omitted.  Bars  arc  marketed  in  either  the  equalized  or 
the  equalized  overtempered  condition. 


FICiUKr.  6.  TKKATNJENT  AND  TYPICAL.  PKOPEin'IES  OF  AM  J55  I5AK 


ICiUKE  7.  rUEATMENT  AND  TYPICAL  PUOPEKTIES  OF  AM  355  CASTINGS 
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As  shown  in  Figure  6,  AM  355  bar  may  be  hardened  in  the  same  manner  as  sheet 
either  fay  the  DA  sequence  or  fay  the  SCT  sequence  of  treatments.  Double  aging  is  seldom 
used  on  AM  355  bar;  most  is  subzero  cooled  and  tempered.  When  improved  toughness  is 
desired,  and  some  reduction  in  strength  can  be  tolerated,  subzero-coolcd  AM  355  bar 
may  be  tempered  at  1000  F  rather  than  at  S50  F. 


Some  illustrative  properties  of  AXi  355  bar  are  presented  in  Figure  6;  others  s:>ay 
be  found  in  .Appendices  B- 1  and  B-2. 


Treatment  of  Castings 

I 


As  shown  in  Figure  7,  the  treatment  of  AM  355  castings  is  very  similar  to  the 
treatment  of  bar.  But,  castings  lack  the  homogenising  effects  of  either  hot  or  cold  work. 
Therefore  they  must  be  annealed  at  2000  F  to  minimize  coring.  Thereafter  castings  arc 
treated  the  sanie  as  bars,  with  the  exception  that  they  are  JL-annealed  at  1750  F  rather 
than  1710  F. 

Some  illustrative  properties  of  AM  355  castings  are  given  in  Figure  7;  others  may 
be  found  in  .Appendices  B-  1  and  B-2, 

Allegheny- Budlum  docs  not  sell  castings  itself,  but  licenses  a  number  of  foundries 
to  produce  and  sell  AM  355  castings. 


Fabrication 


The  fabrication  chara.tcristics  of  AM  355  arc  almost  identical  to  those  of  AM  350. 
Special  treatments,  i.  c.  ,  equalizing  and  overtempering,  however,  have  been  devised  to 
provide  good  machinability  in  AM  355. 
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AM  357 


r.Clf  A  precpitatioa-hardenafale  stainless  steel  developed 

and  produced  in  pilot  quantities,  by  AUegheny-LudImn  Steel  Corporation.  It  is  a  Weh- 
carbon,  lou..-chronuum  modification  of  AM  355.  Although  AM  357  responds  to  h.  - 
treat.ment  in  the  s^e  .-n^er  as  .\M  355,  it  offers  mtlc  advantage  over  A.M  3^^ 

treatments  alone.  This  steel  was  developed  specificallv^ru- 
‘Combinations  of  thermal  and  mfchamcai  tre  .t- 

TTf'  ,  Ahi  357  has  a  better  combination  of  strength  a.4 

.esidual  ductility  than  can  be  obtained  with  AM  355.  ® 


Composition 


A-;, .  -  b‘gh-carbon  semiaustenilic  precipitaiio.-i-aardcxvibie  stainless  steel. 

, .  °  ■*'  s«miaustenitic  stainless  steels  normally  contain  about  0.  10  per  cent 

AM  3pi  usually  contains  about  0.25  per  cent  carbon.  To  mainPiin  the  transformation 

ri7":r„r  “4fc?  pA”" 

to  I,  per  cent.  The  complete  composition  of  AM  357  is  given  bel.m-. 


Element 

Carbon 

0.21-0.26 

Manganese 

0.50-1.25 

Phosphorus 

0.04  max 

Sulfur 

0.03  max 

Silicon 

0. 3a  max 

Chromium 

13.50- 14. 50 

Nickel 

4. 0-5.0 

Molybdenum 

2. 5-3. 25 

Nitrogen 

0.07-0. 13 

Iron 

Balance 

Composition. 


(ij  Heat  :ii>,  3Xe3S. 


Xominat 

0.24 

0.75 


0.  30 
14.00 
4.20 
2.75 
0.  10 
Balance 


per  cent 


Actual  Exampleta) 


0. 22 
0.  66 


0, 18 
14.04 
-1. 5» 
2.87 
0.095 
Balance 


.AvailabilitY 


co.-.d:t:or.s  (CRT,  .KK.  or  SCC^T).  '  *  **" 


Traatment 

A  solution  anneal  at  the  mill  is  usually  the  first  treatment  applied  to  AM  337  shert. 
This  treatment,  at  2000  F,  takes  nearly  all  tlie  carbides  into  solution.  A  uniform 
austenitic  structure  is  developed  and  is  retained  cn  rapid  cooling  to  room  temperature. 

Plate  purchased  in  the  solution-annealed  condition  subsequently  may  be  cold 
formed  or  ausformed  and  then  tempered.  The  subzero-cooling  and  tempering  sequence 
is  net  recommended.  Both  cold  forming  and  ausforming,  followed  by  tempering,  result 
in  extremely  high  strength  and  also  high  ductility.  Yield  strengths  in  excess  of 
300,000  psi,  with  residual  elongation  greater  than  15  per  cent,  have  been  obtained. 

These  excellent  mechanical  properties  are  unique  among  stainless  materials. 

AM  357  strip  may  be  purchased  as  transformed  by  the  mill.  After  the  solution 
anneal,  strip  is  transformed  by  cold  rolling  {CRT,  XH).  Very  high  strengths  are  ob¬ 
tained  subsequently  on  tempering.  AM  357,  in  any  of  these  conditions,  has  a  better 
combination  of  strength  and  ductility  than  docs  AM  355. 

The  treatment  of  AM  357  is  diagramed  in  Figure  5. 

Subzero  Cooling  and  Temperin,;  (SCT) 

AM  357  in  the  subzero-coolcd  and  tempered  condition  offers  little  advantage  over 
AM  353  in  the  same  condition.  Therefore,  AM  355  is  recommended  if  this  condition  is 
desired.  But,  as  shown  in  Figure  8,  Ao!  357  can  be  hardened  by  the  SCT  sequence  in 
the  same  manner  as  AM  355. 

Some  illustrative  propc  rties  of  AM  357  in  the  subzcrc-cooled  and  tempered  condi¬ 
tion  arc  presented  in  Figure  S;  others  may  be  found  in  .Appendix  C-1. 


Shear  Forming 

Solution-annealed  AM  357  may  be  transformed  at  room  temperature  by  shear 
forming  or  automatic  spinning.  Other  forming  methods  that  result  in  a  large  and  uni¬ 
form  deformation,  of  course,  may  be  substituted  for  shear  forming.  The  strengt. 
obtained  on  subscqueiit  tempering  at  S50  F  increases  with  increasing  amounts  of  form¬ 
ing.  Very  high  strength,  with  excellent  residual  ductility,  can  be  obtained. 

Some  illustratfx'c  properties  of  shear- forizicd  .\M  357  arc  presented  in  Figure  8; 
others  are  given  in  .Appendix  C-2. 


Solution -annealed  AM  35?  can  be  transformed  by  working  at  slightly  elevated  tem¬ 
peratures  (ausforming)  as  well  as  by  working  it  at  room  temperature.  Excellent  prop¬ 
erties  hwe  been  obtained  when  material  is  deformed  75  to  90  per  cent  in  the  temperature 
range  of  from  250  to  300  F,  and  subsequently  tempered  at  850  F. 

As  illustrated  in  Figure  8,  extremely  high  strengtli,  coupled  with  excellent  resid¬ 
ual  ductility,  is  characteristic  of  ausformcd  material.  Some  additional  properties  are 
given  in  Appendix  C-3. 


Cold  Rolling  and  Tempering  (CRT) 

After  a  solution  anneal  at  2000  F,  AM  357  can  be  transformed  by  cold  rolling. 

The  greater  the  degree  of  cold  rolling,  the  greater  the  extent  of  transformation  and  the 
greater  the  strength  after  tempering.  A  variety  of  yield-strength  levels,  from  about 
200,000  to  300,000  psi,  can  be  obtained  by  reducUons  of  25  to  50  per  cent.  Elongations 
range  from  about  20  per  cent  to  about  5  per  cent,  decreasing  as  strength  increases. 

The  fabricator  usually  purchases  material  in  the  cold-roiled  and  tempered  condi¬ 
tion,  forms  it,  and  retempers  it  at  850  F.  Cold-rolled  AM  357  lacks  the  excellent 
formability  of  solution-annealed  material,  but  it  can  withstand  fairly  severe  forminc 
operations  at  the  lower  strength  levels. 

Some  illustrative  properties  of  AM  357  in  the  cold- rolled- and- tempered  condition 
are  shown  in  Figure  3;  others  are  given  in  Appendix  C-4.  It  should  be  noted  that  CRT 
AM  357  has  better  elongation  at  a  given  strength  level  than  that  of  CRT  AM  355.  The 
newer  steel  was  developed  to  provide  both  high  strength  and  good  toughness. 

Extrahardening  <XH) 

Ehctrahardening  is  analogous  to  cold  rolling  and  tempering.  The  only  difference  is 
that  extrahardened  material  is  cold  rolled  more  than  50  per  cent  (usually  65  per  cent); 
cold-  rolled  and  tempered  material  is  cold  rolled  in  amounts  from  25  to  50  per  cent. 
Higher  strengths,  of  course,  can  be  obtained  by  extrahardening  than  by  cold  rollii  ■;  and 
tempering. 

Soine  illustrative  properties  of  extrahard  AM  357  are  shown  in  Figure  8;  others 
are  given  in  Appendix  C-5.  AM  357,  even  when  hardened  to  a  yield- strength  level  in 
excess  of  350,000  psi,  retains  measurable  ductilitv. 


Subzero  Cooling,  Cold  Rolling, 
and  Tempering  (SCCRT) 

.A  subzero-cooling,  cold-rolling,  and  tempering  (SCCRT)  sequence  of  hardening 
treatments  may  also  be  used  for  AM  357.  Preliminary  tests  indicate  that  yield  strengths 
liuiTi  300,000  psi,  w'ith  good  residual  elongation,  can  be  obtained  in  thick  sheet 
sections.  The  5C»..RT  sequence  of  treatments,  together  with  illustrativ- prooers  is  is 
c  agramed  in  Figure  S.  Other  properties  c..;  given  in  Appendix  C-6. 
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figure:  8.  (CONTINUED) 


AM  359 


AM  359  IS  a  SGiniausttrniUc  pretipitation-hardcnablc  stainless  steel  under  develop- 
ment  b\  Allegheny -L.udlum  Steel  Corporation.  It  is  njt  ecmmercially  a'.'ailablc.  Unlike 
other  .Allegheny  steels,  AM  359  eontains  a-..ni*nan'  to  promote  prceipitaljen  mirdenlng. 
ilie  producer  envisions  AM  359  as  a  sheet  and  bar  product  to  be  iiardcncd  by  a  Se  ,nen  v 
o£  treatments  similar  to  those  used  for  AM  355. 


Comoosition 


AM  359,  like  A.M  35?,  is  s£  the  high-carbon,  !ow-chromium  semiaustenitic  variety. 
In  addition,  it  contains  the  Z.  75  per  cent  molybdenum  characteristic  of  Allegheny’s  senii- 
austenitic  stainless  steels.  It  contains  an  addition  of  aluminum  to  promote  precipitation 
hardening  and  increased  nickel  content  to  offset  the  ferrite-promoting  effect  of  aluminum 
The  complete  composition  of  AM  359  is  given  below. 


Element 


_ Coniposition,  per  cent _ 

Range  Xominal  Actual  Examplc^^- 


Carbon 

0.  l?-0.  21 

0.  19 

0.  21 

Manganese 

0.  50-1.25 

0.  75 

0.  50 

Phosphorus 

0.  0-i  max 

-- 

0.022 

Sulfur 

0.  03  max 

-- 

O.OIS 

Silicon 

0.  50  max 

0.  30 

0.  25 

Chromium 

13.  50-M.  50 

14.0 

14.  27 

Nickel 

6.  5-7.  5 

7.0 

6.  59 

Molybdenum 

2. 5-3.  25 

I.  75 

2.68 

Aluminum 

0.  80-1.35 

1.  15 

1.  19 

Iron 

Balance 

Balance 

Balance 

(a}  Sl£H  Xs.  taow?. 


.Avaiiabilitv 


AM  359  is  available  in  bar  and  sheet  form  in  developmental  quantities  from 
Alleghcny-Ludluni  Steel  Corjioration. 


T rcatment  of  Sheet 


The  treatment  ot  AM  35*1  sheet,  together  with  ?  le  resulting  properties.  .5 
diagramed  in  Figure  9.  The  solution  heat  treatment,  .li  1900  F  ±  35  F,  i..kcs  part  of 
the  v.irbideS  into  solution.  The  rcsull.ng  homogeneous  .tus*enit:c  solution  is  retained 
on  rapiu  pooling  to  roc.n.  temperature.  As  s2«.m*i  ii.  z'.g..re  9.  annealeil  i\k*  3a9  nas 
guild  duciilitv  and  low  vield  strength.  It  is  easilv  termed. 


FIGUKE  9.  THEATMENT  AND  TYPICAL  PKOPERTIES  OF  AM  399  .SHEET 
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After  iabricatisn,  AM  3:9  is  Hardened  by  conditioning,  subzero  cooling,  and  ag:ng. 
The  conditioning  trcatincnl,  or  L-anncai,  consists  of  a  short  soak  at  1730  F  ±  23  F. 
Seme  of  the  carbon  precipitates  in  the  form  of  chromium  carbide  particles,  but  about 
half  of  the  carbon  remains  in  solution  after  this  treatment.  The  resulting  depletion  of 
ehromium  and  carbon  from  solid  solution  raises  the  transformation  temperature  so  that 
transformation  is  effected  by  a  subsequent  *  •♦ment  at  -100  F  for  6  hours. 


Final  hardening  of  AM  359  is  accon  €  by  aging  at  950  F  for  "JO  minutes. 

Some  illustrative  properties  of  subzcro-co  t  and  aged  (SCA)  AM  359  sheet  are  pre¬ 
sented  in  Figure  9;  others  may  be  found  in  Appendix  D-l.  SCA  AM  359  is  someurhat 
stronger  than  SCT  AM  355. 


Treatment  of  Bar 


AM  359  bar  is  hardened  in  cxartly  the  saute  manner  as  AM  359  sheet.  Bar,  how¬ 
ever,  is  more  often  maehined  than  formed.  Therefore  the  i:>itial  treatment  is  designed 
to  provide  the  best  inachinability  rather  than  the  best  formability.  As  shown  ii:  Fig¬ 
ure  10,  bar  is  finished  in  the  mill  at  a  maximum  temperature  of  ISOO  F  to  assure  a  fine¬ 
grained  strueture.  The  mill  then  equalizes  AM  359  at  1375  to  1475  F  to  produce  a  low- 
carbon  martensite  on  subsequent  cooling  to  room  temperature.  It  is  subscqucntly 
overaged  at  1150  to  1250  F. 

Subzcro-cooled  and  aged  AM  359  bar  is  somewhat  stronger  than  subzcro-cooled 
and  tempered  AM  353.  Some  illustrative  properties  of  subzcro-cooled  and  aged  AM  359 
bar  arc  shown  in  Figure  10;  others  may  be  found  in  Appendix  D-l. 


FIGURE  10.  TREATMENT  AND  TYPICAL  PROPERTIES  OF  AM  35'>  RAR 
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17-7  PH 


17-7  PH  is  a  semiausteaitic  prccipitation-hardenablc  stainless  steel  developed, 
patented,  and  produced  by  the  Armco  Steel  Corporation.  It  is  also  prc-duted,  ""der 
license,  by  Republic  Steel  Corporation.  This  steel  is  mainly  a  sheet  and  strip  product, 
but  heavy  sections  are  also  produced. 

17-7  PH  bears  the  following  AMS  designations: 

5328  A  —  Plate,  sheet,  and  strip 
5529  A  —  Sheet  and  strip 
3563  —  Welded  tubing 

5644  A  —  Bars  and  forgings 
5673  A  —  Wire,  spring  temper. 

It  also  complies  with  United  States  Air  Force  specifications  XflL-S-23043-B  and  CX2-S- 
00766-B  (Ships),  Amendment  i.  Class  323. 

A  list  of  typical  uses  of  17-7  PH  follows: 

Military 

Springs,  hot's,  pins,  couplings,  and  valves  in  aircraft 
hydrauHc  units 

Aircraft  sandwich  panel,  core  and  sidn 
Compressor  blading,  shrouds,  shafts,  bolts,  nozzles, 
washers,  springs,  and  pins  in  aircraft  engines 
Aircraft  ribs  and  stringers 

Springs,  shafts,  bellows,  and  gears  in  aircraft  instruments 
Aircraft  s*ructural  components,  ribs,  stringers,  engine 
supports 

Landing-gear  assemblies 
Aircraft  motor  and  pump  parts 
Spring-loaded  frames  for  aircraft  windows 

Nonmilitary 

Appliance  parts 

Beverage  filling  machine  parts 

Check  valve  plates 

Cheese  spreaders 

Conveyor  chains 

Hose  clamps 

Leaf  springs 

Lock  washers 

Xlilk-pacxaging  machincry 

Piston-ring  expanders 

Pressure  tanks 

Oil  seals 

Hand  saws 

Spatula  blades 

opring  clips  and  flat  springs 
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Stencil  cylinders 
Thermostat  clickers 
Valve  disks  and  rings 
Windshield— odper  parts 
Retainer  rings 


Composition 


17-7  PH  is  a  low-carbon,  17  per  cent  rhroniiuni-T  jicx  cent  nickel  stainless  steel 
containing  about  1  per  cent  aluminum  to  impart  precipitation-hardening  qualities,  its 
composition  is  given  below. 


Composition,  per  cent 


Element 

Range 

Nominal 

Actual  Exampli 

Carbon 

0. 09  max 

0. 07 

.072 

XIangancse 

1. 00  max 

0. 50 

0.  57 

Phosphorus 

0. 04  max 

0.013 

Sulfur 

0. 04  max 

C.017 

Silicon 

1.00  max 

0. 50 

0. 43 

Chromium 

16.00-18.00 

17.00 

17.18 

Nickel 

6. 50-7.  75 

7.00 

7. 16 

Aluminum 

0. 75-1.  50 

1.20 

1.15 

Iron 

Balance 

Balance 

Balance 

(y  Ha*  ;ij.  SlOiCS. 


Availability 


17-7  PH  sheet,  strip,  and  plate  in  the  mili-anncalcd  condition  and  with  a  No.  1  or 
No.  Z  Hnish,  is  available  in  a  variety  of  widths.  Sheet  and  strip  cold  rolled  nO  per  cent 
(Condition  C)  is  available  in  gages  up  to  0.  050  inch  and  widths  to  36  inches.  A  partial 
listing  o:  available  forms  follows: 


Form  Condition 
Sheet  A 


_ Dimensions,  inches 

Thiclncss  Width 


0.010-0.014 

24-36 

0.015-0. 125 

24-44 

0.010-0.014 

24-36 

0.015-0.050 

24-49 

44-^3 

e.CSO-C. 109 

24-44 

44-43 

44-72 

Ljneth 

Coilt^J 

Coil(“> 

1&4  max 
16-1  max 
1-I4l*>)  max 

isofol  max 
max 
IbSf^i  max 

316^*  max 


0. 109-0.  1374 


>4-7» 


4G 


Dimensions,  inches 


Form 

Condition 

1  hickness 

Width 

Length 

Sheet 

C 

0. 010-0.  050 

24-36 

Coii'^^ 

Strip 

A 

0.010-0.  125 

1-23-15/16 

Coili^J 

A  and  C 

0.0015-0.00299 

1/4-12 

Coil'-=} 

0. 005-0.010 

1/4-16 

Coilt^J 

Plate 

A 

2/16-1/4 

6-72 

204  max 

17/64-5/16 

6-36 

ISO  max 

36-43 

156  max 

48-66 

144  max 

66-78 

132  max 

11/32-3/8 

6-36 

156  max 

36-42 

144  max 

42-48 

132  max 

48-72 

120  max 

13/32-1/2 

6-3o 

120  max 

36-72 

84  max 

(a)  Abo  arailablc  is  cst  Icsjphi  to  Io4  isc&cs.  Oti«  fossa  asi  iSsicrjasa  nar 
i<e  arailabic  OQ  special  erJet. 

{b;  bUxisaiss  tesgtis  seesc  (issiseases  as.  .nJtib  aic  Best  than  sla.'>vn. 


Trcaltncnl 


17-7  PK  IS  usually  purchased  in  Condition  A.  it  is  solution  heat  treated  at  the  mill 
at  1950  F  to  develop  this  condition.  Durinp  the  treatment  carbides  are  dissolved  tnd 
aluminum  is  homogeneously  distributed  throughout  the  matrix.  On  cooling,  the  a  istcn- 
itic  structure  (with  5  to  20  per  cent  delta  ferrite)  developed  at  the  high  temperature  is 
retained.  Material  in  Condition  A  is  austenitic,  soft,  and  formablc.  Some  typical 
preperties  of  17-7  PH  in  Condition  A  are  given  in  Figure  11. 

Variations  in  annealing  temperature,  within  rather  wide  limits,  have  little  affect 
on  the  properties  of  material  in  Condition  A.  But,  the>  have  a  signi.lcaat  affect  ''n  ma¬ 
terial  subscqucnliy  hardened.  Annealing  temperature  .  ucl.  in  excess  of  1950  F  de¬ 
crease  strength  and  ductility.  Temperatures  much  lower  than  1950  F,  while  they  may 
increase  strength,  lower  ductility.  Little  change  in  properties,  howc-rcr,  is  noted  as  a 
result  of  variations  cvithin  the  prescribed  1950  F  ±  25  F  range. 

1  <-7  PH  is  vroally  fabricated  in  Condition  A.  Thereafter  it  can  be  ha-dened,  by 
lherm.ll  treatm  nts  alone,  by  one  of  the  first  three  sequences  diagram* ’  m  Figu.-.-  ’  1. 
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FIGURE  11.  TREATMENT  iVKO  TYPICAL  P.ROPERTIES  OF  17-7  PH 
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The  TK  sequence  of  treatments  j;as  the  first  ever  applied  to  17-7  PH.  This 
hardening  sequence  results  In  lower  strength,  but  better  ductility,  than  the  other 
sequences.  No  subzero  treatment  is  required. 

The  RH  sequence  ol  treatments  develops  tlie  best  strength  obtainable  in  17-7  PH 
by  heat  treatment  alone.  Some«:hat  less  17-7  PH  is  treated  by  the  RH  sequence  »han  hy 
thc  TK  sequence. 

The  LK  sequence  of  treatments  is  new.  The  mechanical  properties  developed  are 
about  the  same  as  those  resulting  from  the  RK  sequence  of  treatments.  The  lower  con¬ 
ditioning  temperature  used  in  the  LH  sequence,  however,  reduces  problems  of  scaling 
and  warping.  Despite  this  to  recommend  it,  there  is  no  evidence  to  indicate  that  the  LH 
sequence  is  being  used. 

Multiple  hardening  is  an  option  in  cither  the  RH  or  LH  sequence.  It  adds  about 
20,000  to  25,000  psi  to  both  the  yield  and  the  tensile  strengths.  A  longer  aging  treat¬ 
ment  is  required. 

If  formability  can  be  compromised,  it  is  possible  to  highest  strength  in  mate¬ 
rial  transformed  by  cold  rolling  60  per  cent  at  the  mill  (Condition  C).  As  shown  in 
Figure  11,  aging  is  the  only  thermal  treatment  performed  by  the  labricator.  Somewhat 
less  17-7  PH  is  sold  in  Condition  C  than  in  Condition  A. 


Condition  TH  1050 

As  shown  in  Figure  II,  17-7  PH  is  treated  to  Condition  TH  1050  by  conditioning  at 
IdOO  F,  transforming  at  60  F,  and  aging  at  1050  F.  This  is  the  sequence  termed  "double 
heat  treatment”.  About  60  per  tent  of  the  17-7  PK  sold  in  Condition  A  is  treated  to  ob¬ 
tain  Condition  TH  1050. 

Conditioning.  After  fabrication,  the  TH  hardening  sequence  begins  with  a  condi¬ 
tioning  treatment  at  1-100  F  for  90  minutes.  During  this  treatment  chromluits  carbide 
particles  precipitate  at  grain  boundaries  or  in  other  regions  of  high  energy,  c.  g.  ,  active 
slip  planes.  The  precipitation,  by  reducing  the  effective  carbon  and  chromi-am  content 
of  the  austenite,  triggers  it  for  transformation  on  subsequent  cooling.  As  shown  in  the 
following  tabulation  (Condition  T),  only  C.  016  per  cent  carbon  remains  in  solutirn  after 
trcatmc:>t  at  1*100  F. 


17-7  PH 

Ca 

rbon,  per  cent 

Condition 

in  Solution 

In  Precipitated  Carbides 

A 

0.  06-1 

0. 006 

T 

0.016 

0.054 

TH  1050 

O.OOS 

062 

R-lOO 

0. 534 

0.036 

Rii  950 

0.  026 

0.  044 

L 

C.015 

0.055 

LMK 

0.014 

0.056 

Conditioning  £.*  1400  F  is  designed  to  provide  the  best  combination  of  strength  and 
ductility  in  material  subsequently  transformed  by  cooling  to  60  F  and  aged.  Maximum 
strength,  but  poorer  ductility,  is  obtained  by  conditioning  at  1300  F.  On  the  otlier 
hand,  materi^  that  has  been  severely  cold  worked  does  not  respend  well  to  treatment 
at  1400  F.  Severely  cold-worked  stock  should  be  conditioned  at  1550  F  for  90  minutes. 
This  treatment  not  only  conditions  the  matrix,  but  also  makes  austenitic  any  poruons 
that  were  transformed  by  working.  17-7  PH  treated  at  1550  F,  however,  must  be  cooled 
to  0  F  to  be  martensitized. 

Treatment  at  1400  F  for  more  than  90  minutes  increases,  somewhat,  the  yield 
strength  of  material  in  Condition  TM  1050.  Treatment  for  less  than  90  minutes  has  the 
opposite  effect. 

Transforming.  On  cooling  from  the  1400  F  conditioning  treatment,  martensite 
begins  to  form  at  about  200  F.  The  reaction  continues  as  temperature  is  reduced;  it  is 
completed  by  cooling  to  60  F  and  holding  at  that  temperature  for  3C  minutes.  It  is  im¬ 
portant  to  continue  the  cooling  to  60  F  within  1  hour  to  assure  complete  transformation. 
Any  delay  in  the  cooling,  failure  to  cool  to  60  F,  or  holding  at  6u  F  for  less  than  30  min¬ 
utes,  can  result  in  incomplete  transformation.  This,  in  t»ni,  reduces  final  strength. 

Material  severely  cold  worked  and,  therefore,  conditioned  at  1550  F  transforms 
over  a  somewhat  depressed  temperature  range.  It  is  necessary  to  cool  inis  material  to 
0  F  to  effect  complete  transformation. 

17-7  PH  conditioned  at  1400  F,  or  1550  F,  and  transformed  by  proper  cooling  is 
designated  by  Condition  T.  Some  typical  properties  of  17-7  PH  in  Condition  T  are 
illustrated  in  Figure  11. 

Aging.  A  substantial  increase  in  strength  and  hardness  is  obtained  by  aging  trans¬ 
formed  material.  This  hardening  is  thought  to  be  the  result  of  the  coherent  precipitation 
of  a  second  phase.  Early  evidence  indicated  that  the  precipitate  was  a  compound  of 
aluminum  and  nickel.  More  recent  work,  however,  suggests  that  the  precipitate  is  body- 
centered  cubic  in  structure  and  ordered,  with  iron  on  one  sublattice  and  chromium, 
nickel,  and  aluminum  on  the  other.  Some  additional  carbides  also  precipitate  during 
aging. 

Hardening  during  aging  takes  place  over  a  wide  range  of  temperatures.  It  can  be 
discerned  at  200  F,  reaches  a  maximum  at  950  F,  and  tapers  off  as  1400  F  is  ap¬ 
proached.  .Although  peak  strength  can  be  obtained  by  aging  at  950  F,  it  is  accompanied 
by  minimum  ductility.  Aging  at  1050  F,  while  it  results  in  somewhat  reduced  strength, 
yields  an  improved  combination  of  strength  and  ductility.  Some  typical  properties  of 
17-7  PK  ir.  Condition  TH  1050  are  given  in  Figure  11  Others  may  be  found  in 
.Appendix  E-1. 

At  1050  F,  maximum  strength  is  developed  in  the  first  few  minutes  of  aging. 
Thereafter  strength  decreases  gradually  witls  time.  The  90-minuta  aging  time  is  speci¬ 
fied  br-.ausc  it  rcs’.dts  in  good  uniformity  of  properties  and  satisfactory  bend  ductility. 
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Variations  .n  the  aging  treatment  are  the  njost  convenient  way  for  a  fabricator  to 
alter  the  final  properties  of  17-7  PK.  It  is  not  unusual  for  material  to  be  treated  to 
Condition  TH  1075.  or  Condition  TK  1100,  when  extra  ductility  is  desired. 

Dimensional  Changes.  During  the  transformation  of  austenite  to  martensi. 

17-7  PK  expands  by  0.0043  to  0.  C35i  inch/inch.  On  subsequent  aging  at  1050  F  pre¬ 
cipitation  and  a  slight  reversion  of  martensite  to  austenite  results  in  a  contraction, 
usually  0.  0004  to  0.  0009  inch/inch.  Tin.  i.ei  tlimensionai  change  seldom  is  less  than 
0.0037  inch/inch  or  more  than  0.0047  inch/inch.  These  cluinges  must  be  considered  in 
the  design  of  critical  parts  and  assemblies 


Condition  RH  950 


The  RH  hardening  sequence  is  soniewhat  longer  tlian  the  TH  sequence  in  that  it 
involves  subzero  cooling.  After  conditioning  at  1750  F,  17-7  PH  is  transformed  by 
subzero  cooling.  Final  properties  are  obtained  by  aging.  This  sequence  of  treatments 
is  diagiameu  in  Figure  11.  About  4C  per  cciit  of  the  17-7  PH  cold  in  Condition  A  is 
treated  by  the  Ril  sequence. 

Conditioning.  «f  the  Itll  sequence  is  to  be  used,  17-7  PH  is  conditioned  at  1750  F. 
As  shoivn  in  the  tabulation  on  page 42  (Condition  R-lSu),  0.034  per  cent  carbon  remains 
in  solution  after  conditioning;  the  balance  precipitates  in  the  form  of  chromiutn  carbide 
particles.  The  effect  of  this  treatment  is  to  raise  the  Mg  to  .about  room  temperature. 
Thus  material  conditioned  at  1750  F  remains  austenitic  on  cooling  to  room  temperature, 
but  it  can  be  transformed  by  cooling  to  -100  F. 

Material  triggered  at  1750  F  is  designated  Condition  A- 1750.  Some  typical 
properties  of  17-7  PtJ  in  Condition  .A-1750  are  illustrated  in  Figure  11. 

Conditioning  temperatures  greater  than  1750  F  depress  the  martensite  transforma¬ 
tion  range,  and  subsequent  cooling  to  -100  F  may  not  result  in  complete  transformation. 
Conditioning  temperatures  less  than  1750  F  .allow  some  martensite  to  form  when  the 
material  is  cooled  to  room  temperature.  Unless  cooling  to  -100  F  is  started  immcdi- 
atciy,  this  martensite  tends  to  stabilize  the  balance  of  the  austenite  against  tran'forma- 
lion  on  subsequent  cooling. 


I ranstorming.  Material  in  Condition  A-i75C  is  transformed  by  cooling  it  to  -100  F 
and  holding  it  at  that  temperature  for  S  hours.  Material  having  received  this  treatment 
IS  designated  Condition  R-100.  Most  of  the  tr.ansfnrmattc-n  occur.®  during  cooling  to 
■100  F  .and  curing  the  first  hour  at  this  temperature.  Significant  additional  tra*  <forina- 
;:o:i.  ;:oiv«-\er.  may  o<*-ur  through  the  eighth  hour. 

Some  lypic.a!  properties  of  i7-7  PH  in  condition  R-100  arc  illustrated  in  Figure  11. 
~hc  strength  jf  material  in  Cond.tion  R-lC^  is  somewhat  greater  than  that  of  materi.ai  in 
C  nd.t:  r.  I  ,  i'he  strength  differential  is  d_e  to  the  siightly  higher  carbon  content  of  the 
n'..irt*-....;te  in  Con.^.;ion  R-100.  0.034  per  cent  versus  0.  ole  per  cent. 
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Aging.  The  standard  aging  treatment  for  material  in  Condition  R-lOO  is  950  F  for 
1  hour.  This  treatment  greatly  strengthens  17-7  PH;  it  results  in  Condition  RH  950. 
Some  typical  properties  of  17-7  PH  in  Condition  RH  950  are  shown  in  Figure  11;  others 
are  given  in  Appendix  E-2. 

Aging  at  temperatures  considerably'  higher  or  lower  than  950  F  results  in  lower 
strength.  Higher  aging  temperatures,  however,  are  specified  when  higher  ductility  is 
desired.  In  recent  practice  much  more  17-7  PH  has  been  treated  to  Condition  RH  1050 
or  Condition  RH  1075  than  to  Condition  RH  950.  Although  properties  are  not  highlv 
sensitive  to  time  at  950  F,  strength  decreases  significantly  with  increasing  time  at 
1050  F. 

A  recently  developed  aging  treatment,  termed  multiple  hardening,  results  in  im¬ 
proved  strength.  Material  is  aged  at  950  F  for  2  hours,  cooled  to  900  F  and  aged  at  that 
temperature  for  3  hours,  then  cooled  to  850  F  and  aged  there  for  an  additional  3  hours. 
This  series  of  aging  treatments  results  in  Condition  RMH.  The  cooling  between  the 
three  stages  of  aging  is  not  critical.  Material  in  Condition  RMH,  as  shown  in  Figure  11, 
is  typically  20,000  to  25,000  psi  stronger  than  material  in  Condition  RH  950. 


Dimensional  Changes.  During  the  transformation  of  nustenite  to  martensite  at 
-100  F,  17-7  PH  expands  by  0.0046  to  0. 0052  inch/inch.  During  subsequent  aging  at 
950  F  it  contracts  by  0.  00028  to  O.  00036  inch/ inch.  Thus  the  net  change  in  dimension  is 
usually  0. 0043  to  0.  0049  inch/inch. 

Most  often  the  dimensional  changes  encountered  during  the  hardening  of  17-7  PH 
can  be  compensated  for  in  the  design  of  the  forming  dies.  Small  variations  in  the 
dimensional  change,  however,  can  result  in  serious  misfits  in  vcry-closc-tolcrancc 
parts  and  assemblies.  If  these  are  simple  in  =**ape,  though,  they  may  be  held  to  close 
tolerances  by  cryoforming.  '.he  formed  part  is  clamped  in  its  die  and  the  entire  assem¬ 
bly  is  refrigerated  at  -100  F.  The  expansion  that  occurs  during  martensite  formation 
increases  flange  width,  but  critical  dimensions  arc  maintained  by  the  die.  Stainless 
dies,  backed  by  a  rigid  material,  such  as  concrete,  are  used. 

Another  means  of  combatting  nonuniform  growth  has  been  used  from  time  to  time. 
Only  parts  that  can  be  stretch  formed  uniformly  by  10  to  15  per  cent  are  eligible.  Ma¬ 
terial  in  Condition  A-1750  is  transformed  almost  completely  during  such  a  forming  oper¬ 
ation.  Thus,  stretch-formed  parts  need  not  be  refrigerated,  only  aged.  The  exp  insion 
due  to  martensite  formation  is,  of  course,  absorbed  during  forming. 


Condition  LK  950 


The  LH  hardening  sequence  is  new.  It  was  developed  for  use  v-'herc  distortion  and 
scaling  during  heat  treatment  must  be  minimized.  Th'-  -.H  hardening  sequence  i.  dia¬ 
gramed  in  Figure  11.  Some  illustrative  properties  of  17  7  PlI  in  Condido.^s  LH  950  and 
LMH  arc  given  in  this  figure  and  in  Appendix  E-3.  They  are  very  similar  to  the  proper¬ 
ties  of  material  in  Co.ndition  RH  950. 

TT-c  only  difference  in  the  LH  and  RH  sequences  is  that  1.H  calls  for  conditioning  at 
IISO  F  rather  th--.  at  1750  F  as  specified  for  the  RH  sequence.  After  treatment  -t 


1180  F,  17-7  PK  retains  only  0.  015  per  cent  carbon  in  solution.  Thus,  like  material 
conditioned  at  1400  F,  it  becomes  martensitic  on  cooling  to  room  temperature.  The 
-100  F  treatment  is  specified  to  assure  complete  transformation. 

Because  the  LK  hardening  sequence  is  new,  there  is  not  yet  any  record  of  its  beinc 
used.  It  does,  however,  offer  the  strength  of  RH  material  and  -t  conditioning  treatment 
less  likely  to  cause  warping  and  distortion. 

Condition  CH  900 

In  some  applications,  e. g.  ,  handsaws  and  valve  diaphragms,  high  yield  strength  is 
required  and  forinability  is  unimportant.  For  these  applications  17-7  PH  is  purchased 
as  cold  rolled.  Condition  C.  After  any  manufacturing  operations  the  fabricator  need  only 
age  the  steel  to  obtain  final  high-strength  properties.  Somewhat  less  17-7  PH  is  sold  in 
Condition  C  than  in  Condition  A.  The  CH  sequence  is  diagramed  in  Figure  11. 

T ransforming.  17-7  PH  destined  for  Condition  CH  900  is  transformed  at  the  mill 
by  cold  rolling  60  per  cent-  Some  illustrative  properties  of  material  in  Condition  C  arc 
given  in  Figure  11. 

Aging.  Material  in  Condition  C  is  aged  at  900  r  for  1  hour  to  obtain  Condition 
CH  900.  Some  illustrative  properties  of  17-7  PH  in  Condition  CH  900  are  shown  in 
Figure  1 1 ;  others  may  be  found  in  Appendix  E-4. 

Fabrication 

The  fabricating  characteristics  of  17-7  PH  arc  very  similar  to  those  of  AISI  302. 
Some  differences,  however,  must  be  kept  in  mind.  17-7  PH  work  hardens  more  rapidly 
than  AlSl  302.  In  addition,  the  formation  of  an  adherent  aluminum-containing  scale  dur¬ 
ing  joining  operations  must  be  considered.  Dimensional  changes  during  beat  treatment 
must  be  taken  into  account  in  the  design  of  fabricating  operations.  Finally,  17-7  PH  is 
a  premium  stainless  steel  that  is  sensitive  to  variations  in  handling;  it  deserves  careful 
treatment. 


Cutting.  Operations  such  as  blanking,  punching,  perforating,  shearing,  sawing, 
abrasive  wheel  cutting,  and  torch  cutting  arc  generally  performed  on  17  7  PH  in  Condi¬ 
tion  A.  Procedures  commonly  used  for  AISI  302  also  apply  to  17-7  PK.  p.'  .  in  laying 
out  parts  to  be  cut  from  material  in  Condition  A,  dimensional  changes  .■  ^tinf  from 
heat  treatment  should  be  anticipated. 

Machining.  17-7  PH  in  Conditions  A,  A-1750,  R-lOO,  or  T  has  somewhat  better 
machinability  than  does  AISI  302.  Although  the  same  machining  speeds  arc  used, 

1~“7  Fii  produce:  ;  chip  that  breaks  up  nicely.  Material  in  Conditions  TH  1050  and 
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RK  950  KiachiRes  more  slo" '  •,  but  the  same  favorable  chip  characteristics  are 
encountered.  Just  as  in  machining  other  stainless  steels,  it  is  Important  to  use  a 
feed  heavy  enough  to  get  bclcu*  the  layer  work  hardened  by  the  previous  cut. 

If  material  is  machined  in  Condition  A  allowance  must  be  made  for  the  dimensional 
changes  that  occur  during  heat  treating.  In  addition,  the  scale  that  forms  during  heat 
treatment  will  destroy  the  surface  i,nish.  If  final  machining  is  done  on  material  in  the 
transformed  condition,  however,  tite  mild  contraction  that  occurs  on  subsequent  aging 
can  often  be  tolerated  or  compennat-'^  for.  The  light  tarnish  docs  not  destroy  surface 
finish. 


Forming.  17-7  PH  in  Condition  A  has  forming  characteristics  similar  to  AISI  301. 
But,  there  are  some  differences.  AISI  301  has  an  elongation  in  the  order  of  55  per  cent; 
17-7  PH  in  Condition  A  elongates  only  about  35  per  cent.  In  addition,  17-7  PH  expands 
during  heat  treatment  subsequent  to  forming.  For  high  dimensional  accurscy  it  may  be 
necessary  to  restrike  parts  in  the  transformed  condition  or  to  cryoforiu  fhein. 


Dimpling.  1 7-7  PH  can  be  dimpled  easily  in  Condition  A.  The  dimensional  change 
that  occurs  during  subsequent  treatment,  however,  makes  for  difficulty  in  aligning  holes 
when  hardened  parts  are  joined.  For  this  reason  it  may  be  necessary  to  dimple  material 
in  the  transformed  or  fully  hardened  condition.  This  is  difucult.  A  method  based  on 
high-frequency  impact  plus  spituung,  developed  by  J.-ciaicrt  Engineering,  has  been  suc¬ 
cessful  in  dimpling  fully  hardened  17-7  PH  in  thicknesses  from  0.  020  inch  to  0. 120  inch. 

Cleaning.  Thorough  cleaning  of  17-7  PH  prior  to  heat  treatment  facilitates  scale 
removal.  In  addition,  it  is  necessary  to  remov  .  any  lubricants  or  dirt  that  might  con¬ 
taminate  the  metal  during  a  high-tempcraturc  treatment.  Vapor  degreasing  will  remove 
grease  and  drawing  lubricants.  Thereafter  mechanical  scrubbing  with  a  mild  abrasive 
cleaner  will  remove  dirt  and  other  insoluble  materials.  Ail  traces  of  cleaners  should 
then  be  removed  by  a  thorough  rinse  with  water.  Finally,  parts  should  be  dried  before 
annealing. 


Aru-.aaling.  17-7  ?H  may  be  softened  fer  further  working  by  the  solution  heat 
treatment.  This  consists  of  a  soak  at  1950  F  i  25  F  for  30  minutes  per  inch  of  th.ckncss 
followed  by  a  rapid  cool  at  least  to  below  1000  F  (cooling  rate  below  1000  F  is  not 
critical).  For  sheet  thickness  materials  air  cooling  is  sufficiently  rapid. 

Materials  annealed  in  air  develop  a  scale  that  can  be  earily  removed  later.  Scale- 
free  annealing  is  possible  in  a  vacuum  or  in  hydrogen,  argon,  or  helium  with  a  dew  point 
below  -65  F.  Environments  likely  to  cause  nitriding,  carburizing,  cr  dccarfauri-;ing 
should  be  avoided. 


Descaling.  The  scale  developed  during  heat  treatment  may  be  removed  by  a 
variety  o:  methods.  Wet  grit  blasting,  however,  is  generally  preferred  to  acid  pickling. 
Materia!  .a  Conditions  .A  and  CH  900  may  be  either  blasted  ot  pickled.  The  tsual 
pickling  treatme  .i  is  immersion  in  a  10  per  cent  HJCOj-2  per  cent  HF  a-*>ueous  sr.v*  on 


4S 

at  110  tc  140  F  for  a  maximum  of  3  minutes.  Material  in  other  conditions  has  been 
sensitized  to  rapid  intergranular  attack  by  the  cenditioning  treatment  and  should  be 
grit  blasted  rather  than  pickled. 

Welding.  17-7  PH  can  be  welded  by  many  of  the  arc  and  resistance  processes 
applicable  to  ether  stainless  steels.  No  preheating,  postannealing,  or  other  complex 
procedures  are  required.  The  only  major  precaution  that  need  be  observed  is  to  shield 
the  weld  area  against  loss  of  aluminum  by  oxidation. 

Where  high  strength  is  not  required,  the  weld  meta;  may  be  a  tough  austenitic 
’ainlcss  steel,  such  as  AlSl  308.  If  high  strength  is  desired  17-?  PH  should  be  the 
filler  metal  and  the  entire  structure  should  be  rehardened  starting  with  the  solution 
heat  treatment. 

17-7  PH  may  be  resistance  welded  in  the  hardened  condition  without  subsequent 
rehardening. 

Brazing.  Furnace  brazing  is  important  largely  in  the  construction  of  aircraft 
sandwich  panels.  Current  practice  is  to  use  a  sterling  sil*.*er  brazing  alloy  containing 
additions  of  indium,  palladium,  and  lithium.  This  material  has  a  flow  temperature 
nearly  corresponding  to  the  conditioning  temperature  of  the  RH  sequence.  Assemblies 
arc  placed  in  a  retort  which  is  then  purged,  filled  wi*h  an  inert  gas,  and  heated  to  the 
brazing  temperature,  about  1725  F- 

Brazed  panels  cannot  be  cooled  rapidly  because  they  arc  large  and  in  contact  with 
tooling.  If  it  is  possible  t?  coo!  them  to  1000  F  within  13  minutes,  however,  subsexjuent 
subzero  cooling  followed  by  aging  at  1073  F  r"<ults  in  yield  strengths  in  the  order  of 
130,000  psi. 


■so 


PH  15-7  Mo 


PK  15-7  Mo  is  a  semiausienitic  precipitation-ha rdenablc  stainless  steel  developed, 
patented,  and  produced  bv  the  Armco  Steel  Corporation.  It  is  also  produced,  under 
license,  by  Republic  Steel  Corporation.  PK  15-7  Mo  is  a  molybdenum-containin"  modifi¬ 
cation  of  17-7  PH.  It  is  largely  a  sheet  and  strip  product.  17-4  PK  or  17-7  PK  arc  pre¬ 
ferred  for  bar  applications. 

PK  15-7  Mo  is  sometvhat  stronger  and  someurhat  more  heat  resistant  than  17-7  PH, 
but  more  expensive. 

PH  15-7  Mo  bears  the  following  .^iS  designations: 

5520  A  —  Sheet,  strip,  and  plate 
5657  —  Bars  and  forgings 

Typical  uses  of  PH  15-7  Mo  follow  those  of  17-7  PH. 


Composition 


PH  15-7  Mo  is  a  modification  of  17-7  PK  in  which  2  per  cent  of  the  chromium  is 
replaced  with  about  2.  25  per  cent  molybdcnunt.  Its  composition  is  given  below. 


Element 

Con.p^sition, 

per  cent 

Range 

Nominal 

Actual  Example{3} 

Carbon 

S.  0*  max 

0. 07 

0.070 

Manganese 

1.  00  max 

0.60 

0.49 

Phosphorus 

0.  04  max 

— 

0.C16 

Sulfur 

0.  04  max 

— 

0.017 

Silico.i 

I.  00  max 

0.  45 

0.35 

Chromium 

14.  00-16.  00 

15. 00 

15.  32 

Nickel 

6.  50-7.  75 

7.00 

7.21 

Msiybdenum 

2.  00-3.  00 

2.  25 

2.  26 

.A.!uminum 

C.  75-1.  50 

1.20 

1.  IS 

Iron 

Balance 

Balance 

Balance 

<a)  Hcij  Jto.  SiO  51* 


Avaijaomty 


PH  15-7  Mo  is  available  in  the  snmc  sires  and  gages  listed  earlier  in  this  report 
for  1  r-7  PK. 
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TreatmeRt 


With  one  exception,  PH  15-7  Mo  is  treated  exactly  the  same  as  17-7  PH.  la  the 
LH  hardening  sequence,  PH  15-7  Mo  is  conditiunad  at  1250  F;  17-7  PH  is  conditioned  at 
1180  F.  Like  17-7  PH,  the  treatment  of  PK  15-7  Mo  begins  with  a  solution  anneal  at  the 
mill.  Thereafter  it  can  be  hardened  by  the  TH,  the  RH,  or  the  LH  sequence,  i.-  addi¬ 
tion,  a  small  portion  of  PH  15-7  \lo  is  sold  as  Mansformed  by  cold  rolling.  The  treai- 
ments  applied  to  PH  15-7  Mo,  together  with  some  typical  properties,  are  illustrated  in 
Figure  12. 


Condition  TH  1050 


PH  15-7  Mo  can  be  treated  to  Condition  TH  1050  by  the  same  sequence  of  treat¬ 
ments  used  for  17-7  PH.  The  strength  developed,  however,  is  about  the  same  as  that  of 
17-7  PH  in  Condition  RH  950.  But,  17-7  PH  is  signific'iRtly  cheaper  than  PH  15-7  Mo. 
Therefore  when  yield  strengths  on  the  order  of  210,000  psi  are  desired,  17-7  PH  in 
Condition  RH  950  is  specified  much  more  often  than  is  PH  15-7  Mo  lit  Condition  TH  1050. 
Very  little  of  the  PK  55-7  Mo  sold  is  treated  by  the  TH  sequ^.cs. 

Some  typical  properties  of  PH  15-7  Mo  are  given  in  Figure  12,  and  in 
Appendix  F-1. 


Condition  RH  950 


The  great  majority  of  PH  15-7  Mo  is  hardened  by  the  RH  sequence  of  treatments. 
This  treatment,  which  is  diagramed  in  Fieure  12,  is  identical  to  that  used  for  17-7  PH. 
Although  most  properties  have  been  measured  xm  material  aged  at  950  F,  today  most 
material  is  aged  at  1050  or  1C75  F  for  greater  toughness. 


Conditioning.  PH  15-7  Mo  conditioned  at  1750  F,  as  shown  in  the  following  tabula¬ 
tion,  retains  0.033  per  cent  carbon  in  solution.  The  balance  precipitates  in  the  form  cf 
chromi;:m  carbides.  On  cooling  to  room  temperature  the  austenitic  structure  of  the 
matrix  is  retained. 


PH  15-7  Mo 
Condition 

Carbon,  per  cent 

In  Solution 

In  Precipitated  Carbides 

A 

0.064 

0. 002 

T 

A  «  > 

V.  V«  > 

0.  053 

TH  1058 

0.  002 

0.064 

R-lOO 

0.  033 

0.  033 

RH  950 

0.  027 

0.039 

L 

O.0i7 

0.  C 19 

51 


’s£SSi. 


Ssrcscs.  5u«?«a. 

isaa  9*4  >•»  ^»aa 


•  kms  s*  i«3o  r  *  25  r... 

WU2*»*»«saM  ^ 


*  •sstts&Mr 

f»T  5J  BS.Tl*m  . 


mmss*  U52r  •  xar. 

-  t^U*  «Sa 
.  •tggatfs*  »T 


i 


xr^rm  :%r. 

-  *■>-  Ttr_ 

AST  «••£:•  ft? 


■  X 

^  €«w£a  y  s*  •  r  • 

'  t»r.  M<S«*5 


-HaAt^-n^r*  »r. 

•  U*  AkUMS**. 

.  Asy«»ASt»aT 

*l*5J^TnJrT*5Tr^ 

2  &«»*•,  «dO  r  • 

xi  r.  7:>» 


t25»r  •  »r. 

**  »aU  <««  7  »Ai»r«. 

•«»  »T  fc7 


•mr«  5*  r. 
»« 


•to*:  «*  ns  r  •  •-»  r. 

>  »*:<  tov  •»  a«4s>to*. 
*sr  «*»£»»  E? 


•to»«s*5sr*  xsr. 

•  ri»»  ^ni9  w  m 

i*Tm  *5**T*|2** 

•**r»  r»r.  it«<4T« 


•to*ss*  «)«  r  •  »  r. 

>*to  S«tf  *•  M«A 
•*»  «*%;  »*  ji^ 


FIGURE 


»  'a 


iREATMENT  AJID  TYPICAL  PROPERTIES  OF  PH  15-7  Mo 
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TransforiRsng.  PH  15-7  Mo  condiiioned  at  1750  P  is  transfornted  by  treatment  at 
-100  F  for  8  hours.  For  maximum  strength  the  cooling  to  -100  F  should  begin  within 
1  hour  oi  treatment  at  1750  F.  Conditioned  austenite  tends  to  become  stabilized  on  hold¬ 
ing  at  room  temperature. 

Aging.  Transformed  PK  15-7  Mo  may  be  aged  at  950  F,  but  more  often  it  "s  aged 
at  1050  F  or  1073  F.  The  higher  aging  temperatures  result  in  somewhat  lower  strength, 
but  in  greater  toughness. 

Some  typical  properties  of  PK  15-7  Mo  are  shown  in  Figure  Id;  others  may  be 
tound  in  Appendix  F-2.  Material  in  Condition  RMH  is  about  20,000  psi  stronger  at  room 
temperature  than  material  in  the  RK  950  condition.  Material  in  Condition  RH  1050  is 
some  10,000  psi  weaker  than  material  in  the  RH  950  condition. 


Dimensional  Changes.  During  treatment  from  Condition  A  to  Condition  RH  950, 
PH  15-7  Mo  undergoes  a  net  expansion  of  about  0.0045  inch/inch. 

Condition  LH  950 

There  is  no  record  that  *hc  L.H  sccucncc  is  being  used  to  harden  PH  15-7  Mo. 

The  LH  hardening  sequence,  as  shown  in  Figure  12,  begins  with  a  conditioning 
treatmer!  .it  1250  F.  This  is  the  lowest  temperature  at  which  carbides  will  precipitate 
in  unstrained  PH  15-7  Mo  in  a  commercially  feasible  period.  (In  17-7  PH  this  tempera¬ 
ture  is  70  F  lower.)  .As  shown  in  the  tabulation  on  page  50.  only  0.  017  per  cent  carbon 
remains  in  solution  after  this  treatment. 

PH  15-1  Mo  conditioned  at  1230  F  transforms  on  cooling  to  room  temperature  but 
complete  transformation  is  assured  by  cooling  to  —100  F.  Final  strength  is  obtained  by 
aging  after  the  transformation. 

The  LK  sequence  of  treatments  offers  the  same  mechanical  properties  as  the 
Rii  Sequence,  but  greater  treedom  from  warping  and  scaling.  Some  illustrative  proper¬ 
ties  of  PH  15—1  Mo  treated  by  the  LH  sequence  arc  show-n  in  Figure  12;  others  arc  given 
in  Appendix  F-3. 


Condition  CH  900 

Very  little  PH  15-7  Mo  is  sold  in  the  cold-rolled  condition.  The  properties  arc 
.about  the  same  as  those  available  in  17—7  PH  and  17—7  PH  is  considcraiilx  cheaper.  The 
.^nty  a&vant-agc  offered  by  PH  15-7  Mo  over  17-7  PH,  o.wh  in  Condition  CH  900,  s  that 
PH  15-7  Mo  will  withstand  somewhat  higher  temperatu.  s  than  17-7  PH. 

Some  illustrative  properties  of  PH  15-7  Mo  in  Condition  CH  900  arc  given  in 
Figure  12;  others  may  be  found  in  .Appendix  F-4. 
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Fabrication 


PH  15-7  Mo  is  fabricated  in  the  same  manner  as  17 


DCLtall 


-7  PH. 
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AM  350.  DOUBLE  AGED  (DA) 


Tensile  Properties 


Tcmperattirc  , 

F 

Ultimate 
Tensile 
Strength, 
1000  psi 

0.  20  Per  Cent 
Offset 

Yield  Strength, 
1000  psi 

Elongation 
2  Inches, 
per  cent 

-320 

253 

7.  5 

Room 

174 

144 

14.0 

400 

163 

123 

8.5 

300 

164 

122 

9.5 

600 

166 

126 

11.5 

700 

172 

118 

10. 0 

800 

166 

112 

10.5 

900 

144 

98 

12.0 

1000 

109 

82 

8.0 

Compressive  Properties 

0.  20  Per  Cent 
Offset  Compressive 
Yield  Strength, 
1000  psi 

Temperature, 

F 

Room 

174.5 

400 

153.6 

600 

145.4 

700 

143.4 

800 

137.9 

T  cmperattir  c . 
F  _ 


Modulus  of 
Elasticity 
!  .000.,  000  ps: 


Room 

400 

300 

600 

TOO 

800 

900 

1000 


30.3 

25.2 
27.  S 

24.7 
24.5 

24.2 
24.  1 

21.7 


Strcss-Ruoturc  Properties 


T  emperature . 

Stress  to  Rapture,  1009  psi 

F 

too  Hours 

1000  Hours 

auO 

161 

15S 

900 

105 

92 

1000 

58 

50 

Bearing  Properties 


Ultimate 

Bearing 

Strength, 


Bearing 
Yield  Strength, 


E/D*-'*' 

Direction 

1000  psi 

1000  psi 

1. 5 

i.ongitudiiittl 

275.0 

212.7 

T  ransverse 

277.  1 

212.5 

2.0 

I.ongitudinal 

357.  ! 

261.4 

T  ransverse 

308.  0 

242.7 

A-1-3  and  A-1-4 


Corrosion  Properties 


Corrosion  Rate, 
inches  penetration 


Environment  _  _ pgr  year 


Boiling  65%  nitric  acid 

0.065 

Boiling  citric  acid 

0. 00002 

Boiling  glacial  acetic  acid 

0. 0004 

Boiling  10%  pliosphoric  acid 

0. 00010 

10%  oxalic  acid  at  200  F 

0.  02 

1  /2%  sulfuric  acid  at  100  F 

0.019 

Al'l'c.ixDiX  A-2 

AM  350.  SUBZERO  COOLED  AND  TEMPERED  (SCT) 


A-Z-l 

APPEXDIX  A-2 


AM  350.  SUBZERO  COOLED  AND 
TEMPERED  (SCT) 


Physical  Properties 

Density  7.  8  g/cm^:  0.  282  lb /in.  ^ 

Electrical  Resistivity. 


microhm-cm 

At  80  F 

78. 80 

134  F 

80.  62 

199  F 

82.63 

370  F 

88.37 

461  F 

91.24 

541  F 

94.  11 

729  F 

99.85 

835  F 

102.73 

981  F 

107.51 

1162  F 

112.77 

1349  F 

115.  17 

Cocfncient  of  Linear 

Thermal  Expansion,  10”^ /F 

At  -58-68  F 

5.9 

-100-68  F 

5.9 

-148-68  F 

5.9 

-238-68  F 

5.5 

-320-68  F 

5.0 

68-212  F 

6.3 

68-572  F 

6.8 

68-752  F 

7.0 

68-932  F 

7.2 

68-1150  F 

7.2 

68-1350  F 

6.7 

68-1550  F 

7.0 

68- 1700  F 

7.  5 

A-2-2 


Therinal  ConductH'ity, 
Btu/(hr)(ft2)(F/ft) 


At  100  F 

3.  50 

200  F 

8, 87 

300  F 

9.  36 

400  F 

9,81 

300  F 

10.  30 

600  F 

10.  80 

700  F 

11.  30 

800  F 

11.70 

900  F 

12.  20 

Tensile  Properties 

Ultimate 

0. 20  Per  Cent 

Tensile 

Offset 

Elongation 

Temperature. 

Strength, 

Y  icld  Strength . 

2  Inches, 

F 

1000  psi 

1000  psi 

per  cent 

-320 

287 

7.5 

Room 

203 

170 

13.0 

400 

i88 

141 

8.5 

600 

189 

136 

7.0 

700 

190 

128 

8.0 

800 

186 

125 

9.5 

900 

166 

111 

9.0 

1000 

106 

85 

16.0 

Compressive  Properties 


0.  20  Per  Cent 
Offset 

Temperature,  Compressive  Yield  Strength, 

F  _ 1000  psi 


Room 

156 

400 

158 

600 

154 

700 

142 

800 

140 

Temperature. 

F 

Modulus  of 
Elasticity, 
1,000,000  psi 

Modulus  of 
Rigidity. 
1,0'’0,000  psi 

Room 

29.4 

11.  3 

400 

27.  3 

10.4 

600 

25.9 

9.8 

700 

25.2 

9.6 

800 

24.3 

9.3 

Stress-Rupture  Properties 


Ten'pe  r  a  tu  r  c . 
F 

800 

900 


Stress  to  Produce  Rupture,  1000 


!0  Hours 

188 
140 


100  Hours 

186 
118 


psi 


1000  Hours 

183 
95 


Creep  Properties 


T  emperature . 
F 
700 
800 


Stress  to  Produce  Creep  Ratc»  1000  psi 


0.0001  Per  Cent/Hour 


107 


0. 0000 1  Per  Cent /Hour 
164 


FatiRue  Properties 


Ultimate 

0.  20  Per  Cent 

Tensile 

Offset 

Fatigue  Strength 

Strength. 

Yield  Strength, 

at  10'  Cycles. 

1000  psi 

1000  psi 

Direction 

1000  psi 

187 

154 

Longitudinal 

SO 

192 

154 

Transverse 

32 

Impact  Properties 

Impart  Strength 

T  emperature . 

{Charpy  V -Notch), 

F 

ft-lh 

-320 

4.  3 

-100 

8.  3 

R  ooi.'! 

14.  ! 

212 

24.5 

A -2-4 


Shear  Proocrt;es 


Ultimate 

Shear- 

Shear 

to- 

Temperature, 

Strength. 

Tensile 

F 

1000  psi 

Ratio 

70 

137.7 

0. 66 

133.  5 

0.66 

14 1.4 

0. 63 

400 

123.6 

0.  62 

117.3 

0.  59 

600 

115.8 

0.  58 

117.5 

0  59 

800 

123.8 

0.  65 

113.3 

0.  60 

900 

106.2 

0.61 

107.  s 

0.61 

1000 

85.2 

0.64 

91.  1 

0.69 

Bearsne  Properties 

Bearing 

UU:m.-itc 

Yielc 

Bearing 

Bearing 

-to-Tensilc 

T  cmj»cr,-»turc  , 

Strength, 

Strength. 

Ratio 

F 

1000  psi 

1000  psi 

Yield 

Ultimate 

70 

272.  C 

348.9 

1.59 

cc 

309.4 

441.4 

1.78 

2.  11 

305.5 

433.8 

1.76 

2.  10 

400 

276.0 

404.3 

1.84 

2,02 

278.  1 

396.8 

1.85 

1.98 

600 

266.  S 

586.  5 

1.89 

1.93 

.263.7 

372.9 

1.86 

1.86 

800 

270. 8 

362.5 

2.21 

1.92 

267.7 

356.9 

2.  18 

1.89 

ooo 

26>7. 7 

345.2 

2.24 

1.98 

255.4 

54 1. 5 

2.  14 

1.96 

1000 

205.2 

295.4 

1 

c 

CD 

2.23 

A-2-5  ar.d  A-Z-o 


Corrosion  Properties 


Environment 


Corrosion  Rate, 
inches  per  year 


Boiling  65^  nitric  acid  0.014 

Boiling  citric  acid  0. 00003 

Boiling  glacial  acetic  acid  0034 

Boiling  105:  phosphoric  acid  0.00010 

10^  oxalic  acid  at  200  F  0. 02 

! /2%  sulfuric  acid  a*  100  F  0.015 


5-!  and  A -3-2 


APPEXDiX  A-2 

AM  350.  COLD  ROLLED  .AND  TEMPERED  (CRT) 


Tensile  ProDertics 


Cold  Reduced, 
per  cent 

Uliiniaie 

Tensile 
Strength. 
lOCO  psi 

n  T> —  r- — . 

—  .V—  . 

Offset 

Yield  Strength. 
1000  ps: 

Elongation, 
per  cent  in 

2  inches  or  -1  D 

Strip 

20 

190 

160 

17 

30 

225 

195 

13 

Wire 

30 

227 

w  it 

So 

50 

272 

259 

12 

70 

335 

322 

i! 

B-1-1  and  B-i-3 


APPENDIX  B-1 


AM  355.  DOUBLE  AGED  (DA) 


Tensile  Properties 


Temperature  , 

F 

Ultimate 
Tensile 
Strength, 
loco  psi 

0.  20  Per  Cent 
Offset 

Yield  Strength, 
IbOO  psi 

Elongation, 
per  cent  in 

2  inches 

Bar 

Room 

187.8 

152.9 

16.5 

300 

173-9 

137.9 

13.0 

oOC 

174-S 

130.3 

9-0 

700 

17Z.9 

118.6 

11.0 

800 

165.  S 

117.  2 

11.0 

900 

151.7 

105-  3 

13.  0 

ICOO 

121.4 

93.4 

15.0 

Castings 

175-191 

135-150 

10-15 

Impact  Properties 


Impact 

Strength 

(Charpy 

Temperature,  V-Nctch). 
F  ft-Ib 


-90  4 

0  7 

18  9 

150  i7 

500  Zi 


Corrosion  Properties 

_  Environment 


Corrosion  Rate, 
inches  per  year 


Boiling  65%  nitric  acid 

0.04 

Boiling  citric  acid 

0-  0004 

P-.iling  glacial  acetic  acid 

0.  0007 

Boiling  lO’c  phosphoric  acid 

0.  0137 

10%  oxr.ic  acid  at  200  F 

0.04 

1/2%  sulfuric  acid  at  100  F 

0.  028 

B-2-1 


APPENDIX  B-2 


AM  355.  SUBZERO  COOLED  AND  TEMPERED  (SCT) 


Physical  Praporties 


Density 


7.81  g/cm^;  0.  282  ih/in.  ^ 


Electrical  Resistivity, 
microhm-cm 


.At  82  F 

75.  73 

113  F 

76.  62 

211  F 

79.72 

320  F 

82.81 

470  F 

86.  80 

607  F 

91.22 

734  F 

94  80 

885  F 

99.  19 

1052  F 

103.  61 

1208  F 

108. 03 

1394  F 

109.  80 

Cocfticient  of  Linear 

Thermal  Ex{einsion.  10”^/ F 

At  68-  212  F 

6  4 

68-  572  F 

6.8 

08-  ?52F 

7.0 

68-  932  F 

7.2 

68-1150  F 

7.2 

68-1350  F 

6  5 

68-1500  F 

6  7 

68-1700  F 

7.  1 

ihermal  Conductivity, 

Btu/(hrMit-MF/ft| 

.At  100  F 

6.  72 

200  F 

9.  18 

300  F 

9.52 

-SOO  F 

9.92 

500  F 

10.30 

600  F 

10.70 

700  F 

11.20 

800  F 

11.60 

900  F 

12.  CO 

a  1.  » 

Magnetic  Permeability 


^.5  oersteds 

43 

50  oersteds 

S5 

100  oersteds 

74 

200  oersteds 

48 

Maximum 

86 

Tensilfc  Properties 


T  empe  raiu  re  . 

F 

Tempering 
Temperature - 
F 

Ultimate 
Tensile 
Strength, 
1000  psi 

0.  20  Per  Cent 
Offset 

V'icld  Strength. 
1000  psi 

Elongation, 
per  cent  in 
2  inches 

Bar 

KOuss: 

sSu 

216 

182 

•9-  0 

1000 

186 

l7l 

19  0 

400 

830 

207 

163 

15.5 

1000 

166 

152 

16.  0 

bOO 

850 

210 

152 

11.  5 

1000 

159 

143 

14.  0 

800 

850 

198 

139 

11.0 

1000 

140 

128 

15.0 

1000 

830 

144 

97 

16.  0 

1000 

115 

96 

19  0 

Sheet 

Room 

830 

222 

185 

15.  0 

400 

850 

202 

149 

8.  5 

608 

850 

204 

143 

S  5 

700 

850 

197 

135 

10.  0 

.«00 

850 

190 

124 

10.  0 

9  0 


lOCC 


830 


97 


B-2-3 


Tensile  Properties  (Continuad) 


‘emperature, 

F 

Tempering 

Temperature, 

F 

Ultimate 

^  jjs  jic 

Strength. 
1000  ps= 

0.  20  Per  Cent 
Offset 

Yield  Strength. 
1000  psi 

Elongation, 
per  cent  in 
2  inches 

Castings 

Room 

850 

210-225 

'50-175 

10-20 

1000 

180 

160 

12 

400 

850 

200 

155 

9 

1000 

160 

145 

8 

600 

850 

200 

150 

6 

1000 

155 

135 

8 

800 

850 

190 

138 

8 

1000 

155 

120 

11 

1000 

850 

125 

100 

12 

ICOO 

115 

100 

18 

Compressive  Properties 


0.  20  Per  Cent 
Offset  Ccmprcss:*.'e 
Temperature.  yi~ld  Strength, 

F  1000  psi 


Room  215 

^00  180 


600  1 7-1 

700  165 


SOO 


160 


1000 


105 


Elasticity  Properties 


Modulus  of  Elasticity, 
1,000, 000  psi 

Temperature. 

F 

Measured  in 
Tension 

Measured  in 
Compression 

Modulus  of  Rigidity  , 
1,000.000  p.«i 

Room 

28.3 

28.2 

11.2 

•IGO 

26.5 

27.8 

10.5 

600 

24.  1 

25  9 

10.  0 

700 

23-8 

23.  1 

9.8 

SCO 

28.5 

22.5 

9.5 

900 

— 

~ 

9.  1 

lOOC 

19.7 

20.9 

— 

Sit  css- Rupture  Properties 

Temperature, 

Tempering 

Temperature, 

Stress  to  Produce  Rupture,  1000  psi 

F 

F 

10  Hours 

100  Hours  1090  Hours 

800 

850 

1000 

188 

140 

186  180 

138  135 

900 

850 

1000 

147 

110 

118  98 

105  99 

1000 

850 

87 

70.  5  57.  5 

Faticuc  Properties 

Temperature, 

F 

Ultimate 

Tensile 

Strength,  Endurance  Eimit  at  10  x  10^ 

ICeO  psi  Cycles,  1000  psi 

Room 

214 

107.  5 

SOO 

214 

55 

B-2-5 


impact  Properties 

Impact 

Tempering  Strength 

Temperature,  Temperature,  (Charpy  V-hiotch), 
F  F  f»-lb 


-320 

o30 

2.  3 

1000 

9.  3 

-100 

830 

9-  3 

1000 

2-1.  3 

10 

830 

14.  5 

1000 

37.  7 

?U 

830 

17.  1 

1000 

43.  3 

212 

830 

;8.  5 

1000 

50.  1 

Shear  Properties 

Temperature, 

'  F 

Ultimate 
Shear 
Strength, 
1000  psi 

Shcar-to- 

Tensile 

Ratio 

Ifc9.  4 

0.  75 

400 

139-  3 

0.69 

600 

J27.  4 

0.  63 

700 

126.4 

0.64 

800 

121.  3 

0.  65 

900 

120.9 

— 

1000 

96.5 

0.80 

Bcarinc  Properties 

Temperature. 

F 

Ultimate 
Bearing 
Streagth^^J, 
1080  psi 

Bearing 

Yield 

Strength^*!, 
1000  psi 

Room 

415 

305 

400 

38-i 

290 

600 

378 

282 

800 

362 

268 

900 

333 

240 

.  r.-tiscc  oJic  oj  ipc«.entP  to  dec  cf  bole  . 

Uizvsctcz  Ot  iK>lC 

— 

Corrosion  Pr 


n_  y-f. 


■apartms 


Corrosion  Rate, 
£nvi ronm^rnt  _  inches  per  year 


Boiling  65^  nitric  acid 

0.  03 

Boiling  citric  acid 

0.  0001 

Bolling  giacinl  acetic  acid 

0.  OODOT 

Boiling  10%  phosphoric  acid 

0.  0032 

10%  oxalic  acid  at  ^CO  r' 

0.  04 

1/ sulfuric  acid  at  100  £ 

0.  024 

B-3-I 


APPENDIX  E-3 

AM  3^5.  COLD  ROLLED  A^:D  TEMPERED  <CRT1 


Physical  Properties 


0  >55*1  ib/in. 


:> 


Tensile  Properties 

Temperatnri*. 

F 

Ultimate 
Tensile 
Strength. 
1000  psi 

0.  20  Per  Cent 
Olfset 

Yield  Strength. 
1000  psi 

Elongat  i«>ft . 
per  cent  in 
2  inches 

Room 

ZiS 

215 

20.5 

400 

209 

186 

6.  9 

aCO 

202 

171 

7.  0 

SCO 

186 

149 

8.0 

•»oo 

174 

144 

6.  0 

1000 

13V 

lie 

5.0 

Compressive  Properties 

Temperature. 

F 

0.  2G  Per  Cent 
Offset  Con'.prcss'vc 
Yield  Strength. 
iOSO  psi 

Hoon: 

183 

o 

o 

156 

600 

146 

700 

136 

SOO 

127 

900 

119 

lOO** 


3-3- ' 


Tempcra*^re. 

Modulus  o 

i.onn 

Measured  in 
7cn^ioti 

f  Elast;^ily. 

.nnn  psj 

M-as-ured  in 
Compre^  Sion 

Room 

^9  0 

28-  7 

-]00 

.£3.9 

20.  S 

60G 

2-5. »» 

25.  5 

700 

— 

2-5.  S 

SCO 

e  4.  i 

23.0 

000 

23.  7 

21.  i- 

iOOC 

23.9 

21.  5 

Strcss-Rsijiturc  Pro;>erlieS 

1  emp«T.'»lt»rt-, 

.*!«  «-css  : 

itr  Rupture .  1 000 

ps; 

F 

10  Hours 

100  Hours  1000  Ho-urs 

son 

19i 

190 

182 

900 

1^8 

133 

lib 

:oc3 

no 

S3 

APPENDIX  3- 


AM  555.  EXTRAHAKD  (XK) 


Tensile  Properties 


Tempi:  rat  u  re  . 
F 


Ultimate 
Tensile 
Strength. 
1000  psi 


0.  ZO  I'er  Cent 

Offset  flits . 

Yield  Strength.  per  cent  in 

ICOP  psi _  Z  inches 


Room 

3-19 

355 

1.  0 

7fio 

* 

265 

5-0 

SOO 

.rsH 

253 

2.  5 

900 

j:o3 

>20 

i-  5 

WOO 

ISl 

155 

5 

El.'sstiiitv  Protierties 

T  enijK-  rat re 

Xloclulns  of  Elasticity. 
1.000.000  nsi 

Root:: 

31.9 

700 

^7  .t 

SCO 

2i>  -1 

900 

2-1.-; 

1000 

ZZ.  iy 

APPEXDDC  3-5 


AM  355.  SUBZERO  COOLED.  COLD  KOLL.ED.  AND  TEMPERED  jSCCRT) 


B-5- 1 


APPEKDQC  3-5 

AM  355.  SUBZERO  COOLED.  COLD  ROLLED.  AN’D  TEMPERED  (SCCRT> 
0-  ZS05  Ib/in.  ^ 

Tensile  Properties 


T  emperature , 
F 

Direction 
of  Teat 

Ultimate 
Tensile 
Strength. 
1080  psi 

n,  20  Per  Cent 
Offset 

Yield  Strength. 
1000  Psi 

Elongation, 
per  cent  in 
2  inches 

Room 

Longitudinal 

288 

287 

1.0 

Transverse 

293 

280 

2.5 

200 

Longrtudsnal 

290 

290 

1.0 

T  ransverse 

282.5 

272 

2.0 

•100 

Longitudinal 

282 

27-t.  5 

1.0 

Transverse 

281 

23S 

1.5 

600 

Longitudinal 

268.  S 

234.  5 

3.  0 

T  ransverse 

272.5 

240 

3.5 

800 

Longitudinal 

249 

236 

2.5 

Transverse 

255 

224 

4.0 

900 

Longitudinal 

225 

213 

2.5 

Transverse 

223.5 

202 

2.0 

ICOO 

Longitudinal 

152.5 

145.5 

2.0 

Transverse 

166.5 

143.5 

4.0 

Compression  Properties 

0.  20  Per  Cent 
Offset  Compressive 

Temperature.  Yield  Strength. 

_ F _  Direction  _ 1000  psi _ 


Hocm 

Longitudinal 

258 

T*ansv**r«e 

2*»8 

408 

Longitudinal 

263 

T  ransverse 

2K3 

600 

Longilvdinal 

235 

T  ransverse 

280 

800 

Longitudinal 

230 

T  rairsversv 

2  70 

oon 

Longitudinal 

215 

T  ransverse 

233 

1000 

Longitudinal 

147 

T  ransverse 

170 

B-5-2 


ilasiicitv  Prosenies 


iperaturc. 

XIocuius  ai 

1.000. 

'  Elasticity. 

000  ps: 

T 

Lonciiudinal 

Transverse 

Room 

Z«.9 

11. 1 

ZOO 

28  5 

51.  1 

-300 

26.0 

27.  6 

600 

26.  1 

27.  0 

800 

25-  i 

25.  5 

900 

24.5 

25.6 

1000 

20.  3 

23.6 

Si  rg^s- Rupture  Properties 

Temperature.  Stress  t<a  Prudure  Rutilure.  1,000  psi 
_ P _  10  Hours  too  Hoars  1000  Hours 


800 

250 

Z44 

225 

900 

185 

1 

•  M  1 

S6 

APPENDIX  C-1 

AM  15?.  SUBZERO  COOLED  AND  TEMPERED  {SCT) 


C-1-1  and  C-1-. 


APPENDIX  C-  i 


AM  357.  SUBZERO  COOLED  AND  TEMPERED  (SCT) 


Tensile  Properties 

Ultimate  0.  20  Per  Cent 

Tempering  Tensiic  Offset  Elongation, 

Temperature,  Strength.  Yield  Strength,  per  cent  :n 
F  1000  psi  1000  psi  2  inches 


850  234  193  15 

1000  1S3  169  10.5 


APPENDIX  C-2 


AM  357.  SHE.AR  FORMED 


Tensile  Properliga 

Ultimate  0.  2D  Per  Cent 


Per  Cent 

Shear  Formed 

Direction 

Tensile 
Strength, 
1000  psi 

Offset 

Yield  Strength, 
ICCO  psi 

Elongation . 
per  cent  in 
2  iliCheS 

14 

Longitudinal 

24S 

19S 

23.  5 

Transverse 

247 

176 

19-9 

33 

Longitudinal 

269 

252 

14.5 

Transverse 

279 

225 

14.5 

Longitudina* 

513 

312 

16.0 

Tratss  verse 

334 

275 

8.7 

70 

l.ongituditial 

311 

304 

15.0 

Transverse 

329 

270 

K.  0 

APPENDIX  C-3 

AM  357.  .AUSFORMED 


I 


C-3-1  and  C-3-' 
APPENDIX  C-3 


AM  357.  AUSFORMED 


Tensile  Prope  rties 


AusforniiTig 

Tempera¬ 

ture, 

r 

Reduction , 
per  cent 

Direction 

Ultimate 
Tensile 
Strength, 
iOOO  psi 

0.  20  Per  Cent 
Offset 

yield  Strength, 
1000  psi 

Elongation, 
per  cent  in 
2  inches 

7C 

75 

Longitudinal 

340 

3^3 

12 

70 

75 

fransversc 

348 

— 

7 

ZtO 

88 

Longitudinal 

348 

316 

20 

250 

88 

Longitudinal 

338 

322 

20 

230 

3^ 

T  ransvc  rse 

388 

— 

6 

-iOO 

75 

Longitudinal 

268 

24S 

10 

400 

90 

Longitudinal 

32. 

254 

16 

400 

9C 

Longitudinal 

535 

267 

16 

r  -  ■  ■  .  -  - - 

a 

+  W^ij  TAJ.3JV.S  V 


APPENDIX  C-l 

AM  357,  COED  ROLLED  AND  TEMPERED  iCRT} 


C-i-1  and  C-i-2 
A?PE?<DIX  C-5 

AM  357,  COLD  ROLLED  AND  TEMPERED  (CRT) 
Tensile  Proncriies 


Temperature, 

F 

Ultimate 
Tensile 
Strength, 
lOGO  psi 

0.  20  Per  Cent 
Offset 

Yield  Strength, 
1000  p»i 

Elongatio:: . 
per  cent  in 
2  inches 

Ronm 

290.8 

276.2 

3.5 

^00 

290.7 

278.  7 

1.0 

600 

275.6 

261.7 

1.5 

800 

254,  3 

232.4 

1.5 

goc 

237.2 

213.3 

f  s 

1000 

155.4 

136.  4 

4.0 

Elasticity  Properties 

Modulus  of 
Elasticity, 
1,000,000  psi 

Tcmpe  raturc  , 

F 

Room 

25.9 

400 

26. 6 

600 

'4.6 

800 

23.  1 

900 

21.5 

1000 

18.7 

APPENDIX  C-5 

A5.i  >57,  EXTRAIIARD  (XH) 


C-5-I  £ad  C-5-2 


APPENDIX  C-5 


AM  357.  EXTRAKARD  (XH) 


Tensile  Praperliss 

Temperature  , 

«• 

Ultimate 
Tensile 
Strength, 
1000  psi 

0.  2  Per  Cent 
OOset 

Yield  Strength, 
1000  psi 

Elongaticn, 
per  cent  ip 

2  inches 

Room 

333.0 

320.8 

2.5 

400 

327.  S 

319.9 

1.5 

600 

326.7 

302.6 

1.0 

80G 

295.9 

278.2 

1.5 

000 

251.8 

235.7 

2.0 

noo 

160.3 

143.3 

4.0 

Elasticity  Properties 

Temperature, 

F 

Modulus  ui 
Elasticity, 
1,000.000  psi 

Room  26.  S 


400 

26.3 

6C0 

25.3 

SOO 

23.5 

900 

21.5 

iOOO 

IS.  3 

APPENDIX  C-& 

AM.357.  SUBZERO  COOLED,  COLD  ROLLED. 
AND  TEMPERED  (SCCRT) 


C-6-S  MG  C-6-2 


APPENDIX  C-6 


AM  357.  SUBZERO  COOLED.  COLD  ROLLED, 
AND  TEMPERED  (SCCKT) 


Tfcnfjle  Properties 


Temperature  , 

F 

Ultimate 
Tensile 
Strength, 
1000  psi 

0.  20  Per  Cent 
Offset 

Yield  Strength, 
1000  psi 

Elongation, 
per  cent  in 
2  inches 

Room 

308.9 

302.6 

4.0 

•tOO 

292.6 

277.4 

2.5 

600 

281.3 

256.  7 

3-5 

800 

264.3 

237.8 

4.0 

900 

240-9 

214.7 

4.0 

1000 

157-  6 

1-*J  3 

5.5 

Elasticity  Properties 


Temperature, 

F 


Modulus  of 
Elasticity. 
1,000.000  psi 


70 

•IOC 

600 

800 

900 

1000 


,.8.0 

25.5 
2-1.1 
22.3 
22.  2 

18.6 


D-I-1  n_!_2 


APPEXDIX  D-  1 

AK!  359.  SUBZERO  COOLED  AND  AGED  (SCA) 


Tensile  Properties 


Temperature  , 
F 


Ultimate 
Tensile 
Strength, 
1000  psi 


0.  ZO  Per  Cent 
Off--.ct 

Yield  Strength, 
1000  psi 


Elongation  in 
1  Inches, 


per  cent 


Sheet 


Room 

225 

224 

6.5 

Bar 

Room 

253 

235 

7.9 

600 

216 

189 

8.5 

SCO 

197 

164 

11.0 

1000 

136 

112 

18.0 

1100 

R5.  5 

62 

40.0 

Elasticity  Properties 


Temperature, 

F 


Modulus  of 
Elasticity, 
1.000,000  psi 


Room 

600 

000 

1000 

1100 


29.  ^ 
24.0 

23.1 

19.2 

15.3 


E-1-1 


APPENDIX  E- 1 
I7-7PH,  CONDITION  TK  1050 


Physical  Properties 
Density 


7.  65  g/ cm^;  0.  276  ib/in.  ^ 


Electrical  Resistivity, 
micrcJuR-cm  82 


Magnetic  Permeability 


At  23  oersteds  132-194 

50  oersteds  120-167 

100  oersteds  50-99 

200  oersteds  46-53 

Maximum  134-208 


Coefficient  of  Linear 
Thermal  Expansion,  10~^/P 


At  70-200  F  5.  6 

70-400  F  6.  1 

70-600  F  6.  3 

70-800  F  6.  6 


Thermal  Conductivity, 

At  300  F 
500  F 
840  F 
900  F 


9.8 

10.7 

14.2 

12.2 


Tensile  Properties 


Ultimate 

0.  2  Per  Cent 

Tensiif; 

Offset 

Elongation, 

Hardness, 

'cinpcraiurc. 

Slrenglh, 

Yield  Strengdt, 

per  cent  in 

C 

F 

lOOC  psi 

1000  psi 

2  inches 

Rockwell 

-300 

238 

212 

10.5 

-200 

225 

201 

10.  ~ 

-100 

213 

193 

10.5 

Room 

193 

90’> 

10 

43 

200 

185 

175 

9 

4GQ 

174 

165 

7 

600 

162 

155 

4 

700 

155 

145 

5 

800 

144 

130 

6 

900 

124 

92 

10 

Temperature, 

F 


Room 

400 

600 

800 

900 


Elasticity  Properties 


Temperature. 


Room 

200 

300 

400 

500 

600 

700 

800 

9C0 

1000 


0.  2  Per  Cent 
Offset 

Yield  Strength, 
1000  psi 

195 

174 

161 

128 

100 


Riwmi-Tcmpcratarc 
Modulus  of 
Elasticity, 
1,000,000  psi 


29-0 


Per  Cent  of 
Room-  T  emperature 
Modulus  of 
Elasticity 


100 

98 

56 

94.5 

92.5 
90-5 

89.5 

86. 5 
84 
SO 


Stress- Rupture  Properties 


T  cmpcraiu  re, 

F 

Stress  to  Rupture, 

1000  psi 

10  Hours 

100  Hours 

iCOu  Hours 

600 

170 

158 

700 

154 

130 

122 

SCO 

128 

2  iO 

VO 

900 

98 

?B 

52 

Creep  Properties 

Temperature,  Stress  to  Produce  Crc.  >  R-tte,  1000  psi 

F  0.  1  Per  Cent  in  1000  Hours  0.01  Per  Ctuil  in  1000  Hours 


6C8 

135 

IZS 

700 

105 

100 

SOO 

60 

45 

900 

23 

— 

£-1-3 


Fatigue  Properties 


Surface 

Condition 

Ultimate 
Tensile 
Strength, 
1000  psi 

endurance 
lamit  at 

15  X  10^  Cycles, 
1000  psi 

Endurance 

Ratio 

Not  descaled 

182.6 

38 

0.  318 

Pickled 

175.3 

55 

0.313 

Vapor  blasted 

182.6 

73 

0.411 

Polished  (120  grit) 

182.1 

80.3 

0.442 

Impact  Propertiee 

Impact 

Temperature,  Strength  (Cfaarpy  V-Notch), 
F  ft-lb 


-too 

2 

-200 

3 

-100 

4 

Room 

7 

200 

9 

300 

11 

400 

13 

300 

13 

600 

16 

700 

16 

300 

16 

900 

15 

1000 

13 

E-1-4 


Temperature, 

F 

direction 
of  Test 

Room 

Longitudinal 

Traneverse 

2f^n 

Longitudinal 

Transverse 

400 

Longitudinal 

Transverse 

600 

IrOngitudinal 

Transverse 

700 

Longitudinal 

Transverse 

800 

Longitudinal 

Transverse 

900 

Lcngiiudinal 

Tt^ansverse 

1000 

Longitudinal 

Transverse 

Ultimate 
Tensile 
Strength, 
loco  psi 

Shear 
Strcngtls, 
1000  psi 

Ssear- 

to- 

Tonsile 

Ratio 

194-5 

136-5 

0-  702 

194 

136-4 

0-703 

187 

n  iLoo 

1S7 

129-9 

0-  695 

175 

122-5 

0-700 

176-5 

119-3 

0-676 

165-  4 

109-1 

0-660 

166-  5 

110-2 

0-662 

155 

102- S 

0-  663 

155 

103-7 

0-669 

144 

94-0 

0-653 

145 

96-6 

0-666 

120 

84-3 

0-702 

121 

85-6 

0-707 

89 

68-4 

0-769 

90 

69-9 

0-777 

E- 1-5  and  E- i-6 


Stress-Corrosion  Prooerties 


Ultimate 
Tensile 
Strengtli, 
lOGO  psi 

0.  20  Per  Cent 
Offset 

Yield  Strength, 
1000  psi 

Elongation, 
per  cent 
in  2  inches 

Stress 
Level, 
1000  psi 

Days  to 

Failure 

190.6 

17S.S 

9.0 

89 

No  failures 

in  7*i6  days 

199.6 

S.  o 

•  A 

r4o 

in  746  days 

190.6 

178.  S 

9.0 

133.6 

in  746  d.iys 

214.4 

199.6 

8.0 

151.3 

Cac  spccim 

en  fail«::d 

after  S2  days,  anoUicr 
after  IIS  days;  three 
specimens  did  not  fail 
in  7-16  days 

r-'ic:  Spccimca:  vs==  t.*  mafiac  atcMjphisa  at  Kaic  Scach  (S-S-a.!;  fc.?). 


APPENDIX  B-Z 
17-7  PH,  CONDITION  RH  950 


APPENDIX  E-2 


17-7  PK,  CONDITION  RH  950 


Physical  Properties 
Density 


7.  65  g/cm^;  0-  276  ib/in.  3 


Electrical  Resistivity, 
microhm-cm  83 


Magnetic  Permeability 


At  25  oersteds  82-88 

50  oersteds  113-130 

100  oe~steds  75-87 

200  oersteds  44-53 

Maximum  119-135 


Coefficient  of  Linear 
Thermal  Expansion,  1C“^/F 

At  0-70  F 
70-200  F 
70-400  F 
70-600  F 
70-800  F 


Thermal  Ccs;ductivity, 
Btu/(hr)(ft2)(F/ft) 

At  300  F 
500  F 
840  F 
900  F 

Normal  ^>ectral  Emissivity 


At  1500  F 

ivw  r 

1800  F 
2000  F 
2200  F 


5.7 

5.7 

6.6 

6.8 

6.9 


9.8 

10.7 

12.2 

12.2 


1 


^Estimated 


0.361 
0.342 
C.  325 
C.  309 
0.292 


i  ■iinsiic  i'roocrlies 


Temperature, 


ultimate 
Tensile 
Strczi^tn, 
1000  psi 


0.  20  Per  Cent 
Offset 

Yield  St^engtii, 
lOUO  psi 


Elongation 


per  cent  ir 
2  inches 


Conuition  Rll  950 


Eoom 

221 

215 

6 

200 

210 

200 

6 

jnit 

Tl  W 

196 

179 

5 

600 

If-l 

164 

7 

700 

1»5 

154 

a 

600 

luC 

137 

12 

900 

133 

113 

16 

1006 

93 

76 

26 

Condition  RMH 

250 

230 

6 

Compressive  Proper 

■ties 

0.  20  Per  Cent 

Offset 

Temperature, 

Yield  Strength, 

F 

1000  psi 

Room 

227 

•100 

202 

600 

193 

800 

171 

900 

154 

ICCG 

a  iT 

Elasticity  Properties 

Room- Tcmpsralu  r  c 

Per  Cent  of 

Modulus  of 

Room- Tempt  raturc 

Temperature, 

Elasticity. 

Modulus  of 

F 

1,000.000  psi 

Elasticity 

Room 

29.0 

100 

200 

'^8.5 

iOC 

V 

•100 

95.5 

500 

93.5 

690 

91.5 

“00 

.99 

SOO 

86 

900 

32.5 

lOGO 

79 

1  esspcratarc. 


Stress  to  Rupture, 


F 

IG  Hours 

100  Hours 

ICCO  Hou: 

600 

18S 

18u 

700 

132 

169 

146 

cOO 

130 

113 

92 

900 

98 

61 

44 

Creep  Properties 


Stress  to  Produce  Permanent 

Temperature,  _ DeforaMitiu:i,  1000  psi _ 

F  O.  1  Per  Cent  in  1000  Hours  0.  Z  Par  Cent  in  lOCO  Hours 

690  103  IZ6 

700  60  37 

800  31  36 

900  IZ.  3  14 


Faticne  Pro 


Surface 

Condition 


Direction 
of  Test 


Ultimate 
Tensile 
StrenstS, 
ICOU  pst 


£sdu ranee 
Limit  at 
5  X  10^  Cycles, 
1000  osi 


Endurance 

Ratio 


Not  descried 
Vapor  blasted 
Vapor  blasted 
Vapor  blasted 


Transverse 

Transverse 

Transverse 

Longitudinal 


228.1 
228.  1 
238.8 
240.  1 


ict  Prop 


Temperature, 

F 


Impact 

Strength  (Charpy  V-Notcb), 
ft-lb 


•110 

Room 

!00 

.70 

300 

400 

5C0 

690 

700 

$03 

900 

1000 


E-2-4 


Shear  Px'v>pertifcS 


iperature, 

F 

Direction 
of  Test 

Ultimate 
Tensile 
Strength, 
1000  psi 

Shear 
Strength, 
IGOO  psi 

Room 

iiOngituGlnal 

219.5 

149.3 

Transverse 

222.5 

155.3 

200 

JLongitudinai 

209 

122 

Transverse 

214 

147.7 

400 

JLcfflgitudinal 

194 

115.0 

Transverse 

198 

131.5 

600 

l.oagitudisal 

iB3 

113.7 

Transverse 

185.5 

121.2 

700 

IxTigitudinal 

170 

107.1 

Transverse 

176 

119.2 

BOO 

X.ocgitudinal 

15£ 

99.3 

Transverse 

161 

112.3 

900 

X.ongitudinal 

132 

86.8 

Transverse 

134 

98.4 

1000 

l.cngitadisal 

93 

64.9 

Transverse 

91.; 

72.3 

Bearing  Properties  . 


Z  Per  Cent 
Bearing 
Yield  Strength, 
5/0^*^  iOOO  ?si 

2.0  379 


Ultimate 
Bearing 
Strength, 
1000  psi 

•163 


Hardness, 

Rockwell 

C 

•17-46 


(a)  hgs  oigr  trccinxa  to  c Jor  cf  t«^5c 


Shcar- 

to- 

Tciisiic 

Ratio 


6S.0 

69.8 

58.4 
69.0 

59.7 

66.6 

62.1 

65. 3 

63.0 

67.7 

62.5 

69.8 

65.8 

73.4 

69.8 
79.0 


E-2-5  and  E-2-6 


Stress- Corrosion  Properties 

Ultimate 
Tensile 
Strength, 
1000  psi 

0.  20  Per  Cent 
Offset 

Yield  Strength, 
iOCC  psi 

Elcagation, 
-per  cent 
in  2  inches 

Stress 

Ecvcl 
ICOO  psi 

Days  to  Failure 

237.6 

216.9 

5.0 

111.6 

.411  five  specimens 
failed  in  I6  lo  49  days; 
nvcrncr  iJf«-  -i-as 

30.  2  days 

230.2 

217.5 

5.0 

1  2 

^e  specimen  failed 
after  1 16  days;  4  speci¬ 
mens  did  not  fall  in 

746  days 

237.6 

216.9 

5.0 

167.  5 

Ail  five  specimens  failed 
in  6  to  10  day^ 
average  life  was 

7,4  days 

230.2 

217.3 

5.0 

165.4 

All  five  specimens  failed 

in  26  £0  71  days; 
average  life  was 
31.  6  days 


Xkc;  S;«cis(=t  v«:ce:^e;il<ic»tt=£atn»>;cctcx3XlCss5cMl:(evv*ri)v<  ivt}. 


17-7  PH.  CONDITION  m  950 


Tensile  Proaenies 


Ultimate 
Tensile 
Strength, 
1000  psi 


0.  20  Per  Cent 
Offset 

Yield  Strength, 
lOCO  psi 


Slongation, 
per  cent  in 
2  inches 


Conditior 


£-1-1 

APPENDIX  S-4 


17-7  PH.  CaXOmON  CH  900 


Riysical  Properties 

Density  7.  67  g/cm^;  0.  277  Ib/in.  -5 

Electrical  Resislivily, 

microhm-cm  S3. 8 

Magnetic  Permeability 

At  100  oersteds  7C 

200  ocrslcuS  43.  5 

Maximum  123 


Coefficient  of  Linear 
Thermal  Expansion,  10~®/F 


At  7G-2C0  F 

6.1 

70-400  F 

6.2 

70-600  F 

6.4 

70-800  F 

6.6 

Thermal  Conductivity, 

Btu/(hr)(ft2HF/ft> 

At  300  F 

9.5 

500  F 

>0.6 

840  F 

12.5 

900  F 

12.5 

1  gnsile  Properties 


Temperature, 

F 

Ultimate 
Tensile 
Strength, 
1000  psi 

0.20  Per  C. 
Offset 

Yield  Strength, 
1000  psi 

Elongation, 
per  cent  in 

2  inches 

Hardn>  ss. 
Rockwell 
C 

Room 

262 

247 

5 

49 

^00 

253 

238 

4.  5 

400 

259 

223 

3.3 

600 

224 

204 

3 

700 

216 

192 

4 

SOO 

205 

176 

5 

900 

185 

145 

6 

B-4-Z 


Compressive  Proparties 


0.  20  Per  Cent 


Offset 

Yield  Streagtii, 


Direction 

1000  psi 

Longitudinal 

255 

Transverse 

300 

jcJasticity  Properties 

Direction 

Tensile 
Modulus  of 
Elasticity, 
1,000,000  psi 

Compressive 

Modulus  of 

Elasticity, 

1,000,000  psi 

Longitudinal 

^9 

31 

Transverse 

32 

32.5 

Stress-  Rapture  Properties 

Temperature, 

1000  psi 

F 

100  Hours  lOOC  Hours 

uOO  220  216 


700 

19-1 

isr 

800 

133 

73 

900 

33 

35 

Fatisuc  Properties 

Surface 

Condition 

Direction 
of  Test 

Ultimate 
Tensile 
Strength, 
1000  psi 

Fatigue  Strength, 

1000  psi 

10'  Cycles  10®  Cycles 

Not  descaled 

Longitudinal 

270 

87 

79.5 

Transverse 

2S0 

93 

90.8 

Pickled 

Longitudinal 

272 

Si.  7 

79 

Transverse 

27S 

R7  2 

87.2 

Polished  {120  grit) 

Longitudinal 

259.4 

84.5 

80.6 

Transverse 

276.  6 

97.5 

91.0 

E-4-3  and  E-i-4 

Stross-Corrosion  Properties 


Ulliruatc 
Tensile 
Strength. 
iGOO  psi 

0.  20  Per  Cent 
Offset 

Yield  Strcngtli, 
1000  psi 

Elongation, 
per  cent  in 

2  inches 

Stress 
Level, 
1000  psi 

Days  to  Failure 

279.3 

269.6 

0.2 

142.8 

No  failures  in  746  days 

279.3 

269.6 

0.2 

214.2 

Ne  failures  in  746  days 

Note  Spcamcoi  were  cjipoioi  ui  nu:sac  atnusp!»ro  -t  KdSf  Scaco  (£00-f>.vt  lot). 
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APPENDIX  F- 1 


PH  15-7  Mo.  CONDITION  TH  1050 


Physical  Properties 


Densily 

7.  685  g/cm^;  0. 

Electrical  Resistivity, 

82 

microhm-cm 

Magnetic  Permeability 

At  25  oersteds 

142 

30  oersteds 

147 

iCC  oersteds 

94 

200  oersteds 

55 

Maidmum 

150 

Coefficient  of  l.inear 

Thermal  Expansion,  10~^/F 

At  70-200  F 

6. 1 

70-400  F 

6. 1 

70-600  F 

6.1 

70-800  F 

6.3 

7C-500  F 

6.5 

70-1000  F 

6.6 

Thermal  Conductivity, 

Btu/{hrJ{u2}(F/ft) 

At  70  F 

8.7 

200  F 

9.  5 

400  F 

10.3 

600  F 

11.  3 

800  F 

12.  2 

1000  F 

13.2 

F-1-2 

Tensile  Properties 


Temperature, 

F 

Ultimate 

Tensile 
Strength, 
1000  psi 

0.  20  Per  Cent 
Offset 

Yield  Strength, 
1000  psi 

Elongation, 
per  rent  in 

2  inches 

Hardness, 
Rochv-cli  C 

Room 

211 

204 

c 

44 

200 

205 

200 

5 

4Q0 

195 

IS7 

3 

600 

!S2 

171 

4 

700 

175 

162 

6 

800 

165 

130 

9 

900 

143 

127 

14 

1000 

114 

9? 

21 

Compressive  Properties 

0-20  Per  Cent 
Offset 

Temperature,  Yield  Strength, 
_ F _  1000  psi 


Room  217 


Elasticity  Properties 


Temperature, 

F 


Room 

200 

3GG 

-100 

300 

600 

700 

SCO 

900 

1000 


Room  -Temperature 
Modulus  of 
Elasticity, 

_ 1,000,000  psi 

29.0 


Per  Cent  of 
Rnnm  Tempcrc-fure 
Modulus  of 
Elasticitv 


100 

93 
96 

94 
92 

89-5 
S7.  5 

84.5 
Sl-5 

77. 5 


F-i-3 


Stress-Rupture  Properties 

Tempe ratur a ,  Stress  to  Rupture,  1000  psi 


r* 

iO  Hours 

100  Hours 

1000  Hours 

600 

179 

178 

700 

!?7 

161 

159 

800 

IS® 

139 

137 

900 

132 

108 

95 

Impact  Properties 

*  Impact 
Strength 

Temperature,  (Charpy  V-?*>tch>, 
F  ft-lb 

Room  4 

-40  i 

-110  3 

-320  3 


Shear  Prooe rties 


Temperature  , 

F 

Directior! 

of  Test 

Ultimate 
Tensile 
Strength, 
1000  psi 

Shear 
Strength, 
1000  psi 

Shear- 

to- 

Tensile 

Ratio 

Room 

Longitudinal 

211.5 

143.8 

0.6S0 

Transverse 

217.5 

142.3 

0. 654 

200 

Longtiudinal 

204 

136.7 

0.670 

Transverse 

208 

135.6 

0. 652 

400 

Longitudinal 

194 

125.7 

0.  645 

Transverse 

— 

124.6 

— 

600 

Longitudinal 

181.5 

116.6 

0.642 

Transverse 

" 

116.8 

— 

700 

Longitudinal 

175 

107.6 

0.622 

Transverse 

176 

110.5 

0. 628 

800 

Longitudinal 

165 

lu3.5 

0. 62V 

Transverse 

168 

103.8 

0.617 

900 

Longitudinal 

143.5 

94.5 

0. 657 

Transverse 

— 

95.5 

— 

lOM- 

Lcngitiidinal 

•  <5. 5 

80.7 

0.699 

T  rans»'crsc 

— 

80.5 

— 

Bearing  Propertic-s 


Sheet 

Thickness, 

inch 

Direction 

e/d(^) 

2  Per  Cent 
Bearing 
yield  Strength, 
lOOn  psi 

Ultimate 
Bearing 
Strength, 
1000  psi 

0.G64 

Longitudinal 

1.5 

559 

402 

2.  0 

J45 

407 

T  ranst'*; 

1.5 

325 

410 

2.0 

I-TO 

463 

0. 03C 

I^ongitudinal 

1.5 

31c 

41S 

2-0 

342 

50! 

Transverse 

1.5 

343 

427 

2.0 

342 

504 

, Tcuascc  fxiKS  ctlrc  of  tsccisica  to  nice  of  hole 

Dtacteter  ot  talc 

St  rcss-Corro=ion 

Proitertics 

Ultimate 

Tensile 

Strength, 

0.  20  Per  Cent 
Offset 

yield  Strength, 

•  f  ~  • 

Elon^ntion. 
per  cent  in 

2  itreheS' 

.‘itrpss 
Level , 
1000  psi 

Days  tn  Fgijure 

213.S 

204.6 

5-  5 

107.4 

Mo  failures  in  74u  days 

213.  3 

202.  c 

7.0 

109.  2 

Mo  failures  in  746  days 

213,8 

204.  6 

5. 5 

l6] 

One  specimen  failed 
after  75  days,  another 
after  i  16  d-ays.  a  third 
after  1 18  days;  two 
spccintcns  did  not  f.il! 
in  745  days 

2!S.  3 

208.6 

7.0 

153.9 

All  five  specimens 

tailed  in  20  ,o  d-lys; 
a’.’era^c  life 
57. 8  days 


Xicc;  Spcsrtincss  wc«  cStKxo!  to  saasr  atasxrmo  a:  Kde  (ftO-fcos  !«). 


F-^-! 


APPEIOJIX  r-2 


PH  15-7  Me-  CONDITION  RK  950 


Physical  Properties. 

Density  7.  680  g/cm3;  0.  277  Ib/in.  3 

Electrical  Reaisiiviiy.  83 

snicrohm-cnj 


Magnetic  Permeability 


At  23  <^rsteds 

65 

50  oersteds 

1 15 

too  oersteds 

87 

200  oersteds 

53 

Maximum 

119 

Mean  Coefficient  of 

Thermal  Expansion,  1C~^/F 

At  70-20C  F 

5.0 

7G-d00  F 

5.4 

70-600  F 

5.6 

70-800  F 

5.9 

70-900  F 

6.0 

VO-IOCO  F 

6. 1 

Thermal  Conductivity, 

Stu/{hr}(ft-)(F/fi) 

At  70  F 

8.7 

200  F 

9.5 

500  F 

10.2 

600  F 

11.  1 

800  F 

12.0 

900  F 

12.5 

Normal  Spectral  Emittance 

At  1500  F 

0.395 

1600  F 

0.  5S9 

ISOO  F 

0.3. 

2000  F 

0.370 

2200  F 

0.  359 

Ultimate 

0.  20  Per  Cent 

Tensile 

Offset 

£!onration  . 

•  ^2*  Is*  r*"- 

Strength. 

Yield  Strength. 

per  cent  in 

Hardness. 

r* 

?000  psi 

loco  psi 

2  inches 

Kock^veli  C 

Cendition 

RH  950 

-  iOC 

2^1 

255 

7 

•  r* 

10 

Room 

2?S 

220 

5 

2uu 

227 

.'05 

5 

400 

2i: 

190 

4 

600 

205 

J70 

5 

700 

195 

16(! 

6 

fOO 

182 

1-19 

9 

000 

161 

128 

i! 

1000 

150 

101 

13 

Condition  RMH 

Roon: 

257 

1:3 

«> 

52 

Contprcssi^'c  Properties 

0.  iO  Per  Cent 
Offset 

'i'cnjperaturc.  Yield  StrengU;, 
_ _  I  COO  psi 

Room 
■iOO 
COO 
f»00 
1000 


•ita 

211 

20-1 

194 

;25 


F-2-3 

HiSrticilv  ProEsirriics 

Raom- Temperature 

Per  Cent  of 

Modulus  of 

Room  Temperature 

* 

Tcmpe  ratUiC  , 

Elasticity, 

Modulus  of 

F 

1,000,003  psi 

Elasticity 

1 

1 

Room 

29.0 

100 

200 

95 

300 

96 

400 

94 

500 

O'* 

600 

39.5 

700 

S7 

noo 

34-  5 

?oo 

31.5 

!i00 

77.5 

Strcss-Euplurc  Properties 

icmpcraturc. 

Stress  to  Rupture. 

1^00  psi 

F 

10  Hours  100  Hours 

iOOO  Honrs 

600 

202 

200 

700 

2G0  193 

191 

SCO 

ISC-  174 

171 

900 

168  125 

108 

Creep  Properties 

Tempe  ratare  , 

Stress  to  Produce  Permanent  Deformation,  1000  psi 

F 

0.  ISi  in  1000  Hours 

0. 2^  in  lOnn  Hours 

6S0 

131.5 

!5G 

7CC 

120.5 

142 

800 

95 

iC9 

900 

56 

40.5 

P-2—3 


Fatigue  Propgriicj 


Sheet 

Direction 


Longitudinal 


Tranavcrsa 


Impact  Properties 


Temperature, 

F 


Room 

-JO 

-no 


{S  ^  0.  6} 

Xiaxintunt 

Stress. 

1000  psi  Cycles  Remarks 


!?0 

30,000 

Failed 

190 

o-,ooo 

Failed 

ISO 

43,000 

Failed 

130 

23o,G00 

Failed 

170 

90,000 

Failed 

170 

1,191,000 

Failed 

:6n 

10,478,000 

Did  not  tail 

Ife’J 

10.053,000 

Did  net  fail 

i30 

10,092,000 

Did  not  fail 

1-15 

/. 

•  f  My 

Fai'.cd 

1-15 

10,141,000 

Did  not  fail 

1-lQ 

34,410, COO 

Did  not  fail 

*30 

46.000 

Faiie«l 

170 

67,000 

Failed 

170 

131,000 

Failed 

lu3 

6,758,000 

Failed 

luO 

6,331 ,000 

Failed 

I6C 

10,936,000 

Did  not  fail 

150 

10,071,000 

Did  not  tail 

145 

10,064.000 

Did  not  fail 

143 

10,154,000 

Did  not  fail 

Impart 

Strencth 

CCharpy  V-Xetch)  , 
ft-Ib 


■J 

•1 


j 


F-2-5 


I 


Shear  Properties 


Ultimate  Shear- 


Temperature  j 

,  Direction 

ot  Test 

Tensile 
Strength, 
1000  psi 

Shear 
Strength, 
lOOC  psi 

to- 

Tensiic 

Uatio 

Room 

longitudinal 

235.5 

15S.  5 

0.  672 

Transverse 

.241.5 

162.  6 

0.673 

2C0 

longitudinal 

227 

151.7 

0.668 

Transverse 

231 

155.  S 

0.  674 

400 

longitudinal 

214.5 

141.3 

B.  65S 

Transverse 

215 

137.  1 

0.  633 

Ann 

longitudinal 

204 

130.4 

0. 639 

Transverse 

205 

129.  ! 

0.  630 

700 

longitudinal 

192 

125.7 

0. 655 

Transverse 

195 

i23.4 

0. 633 

SOO 

longitudinal 

l$t 

t  lo.  T 

0. 655 

Transverse 

184 

115.7 

0. 629 

goo 

longitudinal 

160 

107.4 

0.671 

Transverse 

161 

104.2 

0. 647 

1000 

Longitudinal 

129.- 

39 

0. 689 

Transverse 

129 

87.6 

0.679 

Bcaring  Properties 


Sheet 

Thickness, 

inch 

Direction 

e/dC^) 

2  Per  Cent 
Bearing 

Yield  Strength, 
1000  psi 

Ultimate 
Bearing 
Strength, 
1000  psi 

C.064 

longitudinal 

1.5 

350 

-J55 

2.0 

390 

543 

T  ransverse 

1.5 

>56 

-#7* 

2.0 

372 

507 

0. 050 

longitudinal 

1.5 

’44 

470 

2.0 

4L  . 

564 

1.2* 

545 

-J76 

2.0 

349 

437 

(a)  {s>K~  cJrc  of  xse<izscs  ;.»<ecr  «f  aolc 

0;asxtc:  of  hole 


F-2-6 


Stress-Corrosion  Properties 


Ultimate 

Xcnsile 
Strength, 
1000  psi 

0.  20  Per  Cent 
Offset 

Yield  Strength, 
1000  psi 

Elongation, 
per  cent  in 

2  inches 

Stress 
JLcvei . 
1000  psi 

Days  to  Failure 

2-14.6 

219.3 

-1.2 

:i5.s 

.A.U  fi\c  specimens 
failed  in  1 12  to 

3S5  days:  average  life 
w.as  lfc9.  •!  da-ys 

24t.-  2 

220.3 

4.5 

I16.S 

.411  fi-.-e  specimens 
failed  in  10  to 

1 16  days;  average  life 
v.-.as  93-  3  da-j-s 

244.  6 

2i9.3 

4  2 

173.  7 

All  five  specimens 
failed  in  6V  tc 

70  days;  average  life 
tras  6S.  5  days 

216.2 

220.3 

4.5 

175.2 

.41!  £i-.-c  sat-.ciirtcns 
failed  in  7  to  24  days: 
average  life  was 

1 4. 2  days 

N«^c: 

esc  tzfoni  w 

nusisc  naai^ta  at  Kmc  Scach($M)-fM  Un). 

APPENDIX  F-3 


PH  15-7  Mo,  COKDmON  LK  950 


Tensile  Properties 


Ultimate 

0.  20  Per  Cent 

Tensile 

Offset 

Elongation, 

Strength, 

Yield  Strength, 

per  Cent  in 

Condition 

1000  psi 

1000  psi 

2  inches 

i-H  950 

23-i 

216 

5 

LMH 

257 

235 

5 

F-4-1  and  F-1-2 


APPENDIX  F-4 


PH  15-7  Mo.  CONDITION  CH  900 


Tensile  Properties 


Ultimate 

0-  20  Per  Cent 

Tensile 

Offset 

Elongation , 

Strength, 

Yield  Strength, 

per  cent  in 

1000  psi 

1000  psi 

2  inches 

265 

260 

2 

Stress-Corrooion  Properties 

Ultimate 
Tensile 
Strength. 
1000  psi 

0. 20  Per  Cent 
Offset 

Yield  Strength, 
ICOO  psi 

Elongation, 
per  cent  in 

2  inches 

Stress 
Level, 
1000  psi 

D.-tys  to  Failure 

261.8 

251.6 

1.8 

131.0 

iio  failures  in  746  days 

261.8 

251.6 

1.8 

196.6 

No  failures  in  746  days 

Sexsi  Spedaecs  woe  cj^Msed  'o  muiae  aim«{ifceies  at  Knrc  Ssi:!:  (SSO-foct  20). 
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